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INTRODUCTORY    PREFACE. 


XT  is  probable  that  the  human  mind  has 
never  been  fubjed;  to  any  illufion  more  ge- 
neral or  more  forcible,  than  that  of  conceiving 
the  objeds  of  light  to  be  external  and  remote, 
and  to  be  perfedlly  diftindl  from  the  images 
which  are  known  to  be  projected  on  the  re- 
tinae. Even  perfons  of  fcience,  the  lateft  and 
moft  efteemed  writers  on  optics,  in  the  ac- 
counts they  give  of  the  nature  of  vifion,  re- 
prefent  the  projedions  on  the  retina  as  a  fet 
of  images  extremely  minute  and  inverted  with 
refpedl  to  the  objeds  which  are  feen,  and  as 
only  conftituting  a  ftep  in  the  procefs  of  vi- 
fion, or  as  the  mean  by  which  the  external 
objed  is  rendered  vifible.  The  important 
difcovery  of  the  fagacious  Kepler,  re- 
A  z  fpeding 


fpeding  the  feat  of  vifion,  left  in  full  force  a 
general  perfuafion  that  the  objedls  of  light 
were  diftind:  from  the  projed:ions  which  he 
fo  fortunately  brought  to  notice ;  nor  has  the 
progrefs  which  of  late  years  has  been  made 
in  the  general  fcience  of  optics  yet  fubdued 
this  powerful  and  univerfal  prejudice. 

It  may  perhaps  be  faid,  that  in  the  fyftem 
of  the  human  mind  which  generally  prevails 
at  this  day,   the  immediate  objed:s  of  per- 
ception are  held  to  be  ideas,  and  not  the  ex- 
ternal material  things  themfelves.     But  this 
philofophical  notion  of  ideas  does  not  refpedt 
vilible  objeds  alone ;   it  extends  equally  to 
thofe  of  every  other   feniitive  faculty ;  and 
in  this  philofophy  the  idea  is  fuppofed  to 
have  feme  external  object  for  its  archetype, 
with  which  it  correfponds.     And  it  clearly 
appears  from  their  writings,  that  philofo- 
phers  of  this  clafs  conceive,  that  belides  the 
various  vifible  objedls  with  which  they  are 
furrounded,     there  exifts  a  dillind  fet  of 
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minute    images    projecfted    on    the    retina ; 
Images  of  the  things  which  i hey  fee. 

A  DOCTRINE    the  reverfe  of  this  is   af- 
ferted  in  the  following  "Observations/^ 
where  it  is  maintained,  that  the  projedtions 
on  the  retina  are  the  immediate  and  fole  ob- 
jeds   of  fight ;    that    the  vifible  buildings, 
fields,    trees,    and    anim.als,    which   appear 
around  us,  are  not  a  fet  of  objedts  feen  by 
means  of  the  projedions,  but  that  they  are 
the  projedions  themfelves.     And  in  fupport 
of  this  pofition  the  Writer  does  not  pretend 
to  bring  forward  any  one  fingle  fad:  or  phe- 
nomenon that  has  in  it  the  fmallefl:  degree 
of  novelty ;  the  proof  of  the  affertion  de- 
pending entirely  on  the  circumftances  which 
accompany  even  the  moft  fimple  and  ordi'- 
nary  phenomena  of  vifion. 

On    the   mifconception   now  noticed,  is 

founded   a   queftion   in  vifion,  which    has 
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much  engaged  the  attention  of  optical  wri- 
ters ;  namely,  *'  Why  do  objeds  appear 
•*  eredl  when  the  images  by  which  they  are 
**  feen  are  inverted  ?"  a  queftion  obvioufly 
implying  that  the  thing  feen  is  diftind  from 
the  image.  And  it  is  weJl  worthy  of  re- 
mark, that  another  queftion,  which  has  been, 
at  leaft,  equally  agitated,  namely,  *'  Why  do 
**  objedts  appear  fingle  when  feen  by  both 
"  eyes?"  is  inconfiftent  with  the  former: 
there  is  in  either  of  them  an  implication 
which  does  away  the  other.  Thus  :  if,  as 
the  firft  implies,  the  external  objeS;  is  the 
thing  feen,  the  fecond  queftion  drops;  for, 
this  being  admitted,  if  anyone  fliould  aik 
why  objecls  are  feen  fingle  with  two  eyes, 
the  true  anfwer  would  be  finiply  thisj  hecaufe 
ihey  ixKE  Jingle ;  for  the  number  of  images 
by  means  of  vvhich  an  object:  may  be  feen, 
cuiinot  affed:  the  unity  of  that  objed:  when 
feen. 
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On  the  other  hand,  if,  to  give  fubi^ance 
to  the  latter  queflion,  we  admit  the  images 
to  be  the  things  feen,  the  firft  qiieftion 
vaniihes,  iince  it  implies  two  fets  of  objecfls, 
of  which  the  external  is  that  feen :  but  if 
the  image  is  the  vifible  objed:,  there  is  no 
longer  any  inveriion,  for  the  queftion  allows 
thl^  to  be  eredt. 

A  PROPOSED  new  folutlon  of  the  queftion 
re{pe<!ling  fingle  viiion,  publifhed  fome  time 
iince  by  Dr.  Wells,  in  a  little  work  entitled 
**  An  Essay  upon  Sing  le  Vision  ystith 
**  TWO  Eyes,''  having  lately  fallen  into  the 
Writer's  hands,  the  perufal  of  it  occafioned 
the  following  *'  Observations."  The 
folution  therein  propofed  to  the  Public  did 
not  appear  to  the  Writer  to  be  adequate ; 
for,  even  admitting  the  facts  refpeding  vifi-  . 
ble  diredion  to  be  as  ftated  by  Dr.  Wells,  it 
would  not  thence  neceffarily  follow,  that 
objeds  appear  fingle  in  confequence-  of  fuch 
a  law  of  vifible  diredion. 

A  4  Th^ 
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The  projections  of  the  optic  axes  on  the 
retinse  are  fingle  points,    and  the  apparent 
union  of  thefe   points,    which    is   a   well- 
known   fad:  in  vifion,  may  be  the  confe- 
quence   of  fome   original   property   of    the 
eyes,  or  of  fome  primary  law  of  the  human 
conPcitution ;  and,  as  fuch,  the  original  fa(ft 
from  whence  the   feeming   united  direElron 
from  the  eye  may  be  derived :    and    there 
would    iiill    arife  this  queftion :     **  Which 
'*  is  prior  in   the  nature   of   things  ?    the 
**  feeming  unity  of  the  diredlion^  or  the  appa- 
**  rent  union  of  the  points?''  or,  **  Which 
•*  of  the  two  circumilances  is  original,  which 
*'  is  derived  ?*' 

But,  independent  of  this  confideration, 
certain  fadls  may,  as  the  Writer  thinks,  be 
produced  in  dired  oppofition  to  the  propo-r 
fitions  refpediLDg  vifible  diredtion  laid  down 
by  Dr.  Wells.  Thefe  facls  will  be  Hated  in 
the  courfe  of  the  folio v/ing  ''  Observa- 
tions.'* 

Th£ 


[    ix     ] 

The  folution  of  Dr.  Wells,  however, 
i^  ingenioufly  imagined  and  will  probably 
meet  the  acquiefcence  of  many  :  and  in  pro- 
portion to  this  affcnt,  will  be  the  degree  of 
its  tendency  to  put  a  flop  to  the  farther  invef- 
tigation  of  the  fubjed:.  On  this  account" 
the  Writer  conceived,  that  to  point  out  its 
defedls  might  be  of  fome  fervicc  to  the  gene- 
ral caufe  of  fcience,  and  tend  to  promote, 
iuture  refearch  refped;ing  a  fad:,  which  is 
not  yet  accounted  for  on  juft  and  adequate 
principles* 

But  when  the  Writer  came  to  ftate  his 
objedions  to  the  propofed  folution,  he  per- 
ceived, that,  in  order  to  comprehend  their 
force,  it  was  requifite  to  entertain  juft  notions 
of  the  true  nature  of  vifion  in  general,  and 
in  particular  with  refped:  to  what  has  been 
noticed  in  the  foregoing  part  of  this  Preface* 
This  induced  him  to  make  fome  general  pre- 
vious obfervations  on  the  fubjecS ;  and  a 
deiire  to  be  underftood  by  thofe  who  may 

not 
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•  not  have  been  in  the  habit  of  confidering  the 
fubjed:  philofophically,  has  Iain  him  under 
the  neceflity  of  repeating  many  things  that 
have  been  faid  by  other  winters,  and  are 
well  known  to  fuch  as  have  made  optics 
their  ftudy  ;  and  which  therefore  may,  per- 
haps, to  fuch,  render  the  firft  Sections  of 
the  following  *'  Observations"  tedious 
and  uninterefting.  However,  he  trufts,  that 
even  in  this  part  fome  few  obfervations  may 
be  found  interfperfed,  which  are  either  in 
fome  degree  new  in  themfelves,  or  in  the 
mode  of  their  application.  What  is  objedied 
to  the  theory  of  Dr.  Wells  will  be  found 
in  the  Fourth  and  following  Sections. 

After  all,  the  Writer  is  very  ready  to 
confefs,  that  the  frequent  occafions  he  has 
found  in  the  courfe  of  his  life  to  correal 
opinions,  which  he  had  fuppofed  to  be 
founded  on  the  firmeft  principles,  have  in^ 
duced  a  general  diffidence,  and  rendered  him 
but  little  tenacious  of  any  doftrine  whatever: 
i  And 
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And  if,  on  the  prefent  occafion,  he  fhall  be 
found  in  error,  he  will,  as  foon  as  it  is 
pointed  out  to  him,  acknowledge  it  with  as 
much  readinefs  as  he  now  propofes  his 
opinion. 

No,  5,  Upper  Fitzroy  Street^, 
Feb,  10,   1796. 


ADVER. 
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ADVERTISEMENT. 


JtHILE  this  little  Work  v:as  m  the  p^efs,  the 
Writer^  hy  mere  accident^  on  looking  over  fome 
volumes  of  the  Monthly  Review^,  hecame  ac^ 
quainted  that  a  German  work  had  been  fubViJhed  hy 
Mr,  H.  Aena^  -A^L.M.  at  Amfierdam^  in  which 
fome  circumfiances  are  mentioned^  and  fome  ohfer^ ' 
'vations  viade^  refpe^Ang  the  ere£i  appearance,  of 
ohjeds  feen  hy  means  of  inverted  images^  very  fmii^ 
Jar  to  what  will  he  found  in  the  following  pages ^ 
and  with  a  like  intention  of  refuting  the  opinion  of 
Dr,  Reid  on  this  fuhjeSf.  Of  this  worky  the 
Writer,  even  now,  knows  nothing  more  than  what 
is  infer  ted  in  the  Review,  But  had  the  circum- 
fiance  come  to  his  knowledge  before  the  fheet  was 

*  Appendix  to  Monthly  Review  (New  Series)' Vol,  VII. 
1792,  Art.  13,  p.  539, 
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printed  off^  he  certainly  would  either  have  omitted 
what  he  has  faid^  or  would  have  differently  modi- 
jied  ity  with  mention  of  the  German  vjork  here  no- 
ticed. As  it  isy  nothing  remains  for  him  hut  to 
infer t  this  Advertifement ;  and  after  all,fuch  coinci- 
dences  of  opinion^  where  there  has  he  en  no  previous 
communication,  are  in  themfelves  circumflances 
really  worthy  of  notice,  and  generally  form  ajlrong 
prefumptive  proof  of  the  validity  of  the  reafoning. 
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A  HE  bulk  of  mankind  are  little  aware 
of  how  complex  a  nature  is  the  operation 
of  vifion,  or  how  many  powers  of  the  mind 
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are  concerned    in   the   formation   of   thofe 
notions  or  perceptions  which  they  are  ac- 
cuftomed  to  confider  as  the  fimple  operation 
of  one  fenfitive  faculty.     The  perception  of 
vifitle  extenfion,  with  its  various  modifica- 
tions, of  figure,  pofition,  and  motion,  ne- 
ceflarily  refults  from  the  fenfation  of  colour  h 
but  this  fenfation  being  merely  an  affedlion 
of  the  mind,  or  an  efFedl  produced  upon  it 
through  the  jnedium  of  the  optic  nerves,  it 
follows,  that  we  have  no  actual  perception 
'  of  external  objecSs  by  'fight  j  the  notion  of 
externality  and  remotenefs,  which  we  fo  con- 
ftantly  and  uniformly  annex  to  the  objects 
"we  fee,  being  founded  on  the  habit  of  aflfo- 
'  dating  the  perceptions  of  fight  with  thofe 
of  touch,  and  is  feated  partly  in  the  judg- 
ment and  partly  in  the  imagination. 

On  this  account  the  beft  optical  writers 
have  found  it  neceflfary  to  enter  in  fome  de- 
gree upon  the  philofophy  of  the  human  in- 
telle<ft,  in  order  to  explain  the  dependence 

which 
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which  the  ideas  acquired  by  fight  have  on 
the  other  powers  of  the  mind.  But  it  is 
probable,  that  an  unwilhngnefs  to  mingle 
metaphyfical  fpeculation  with  demonftrative 
fcience  may  have  prevented  them  from  pro- 
ceeding fo  far  into  this  branch  of  knowledge 
as  their  fubjedt  really  required ;  and  hence 
I  have  had  occafion  to  obferve,  even  in  fome 
of  the  mofl  efteemed  writers  on  optics,  fuch 
a  loofenefs  or  inaccuracy  of  expreffion  in 
explaining  certain  phaenomena  of  vifion,  as 
muft  naturally  tend  to  a  want  of  preciliou  in 
thought. 

It  is  accuracy  of  diftindlion  which  confti- 
tutes  the  chief  difference  between  the  philo- 
fopher  and  the  reft  of  mankind  ;  and  if  we 
would  reafon  juftly  concerning  the  various 
phaenomena  of  vifion,  and  exped:  to  arrive 
at  juft  folutions,  we  Ihould  never  overlook 
the  important  diftindion  between  the  fimple 
and  original  perceptions  of  fight,  and  thofe 
adfcititious  notions,  which,  notwithftanding 
B  2  rfieir 
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their  uniformity  throughout  the  fpecies, 
are  ftill  the  confequence  of  experience,  and 
are  properly  to  be  referred  to  the  judgment 
and  imagination. 

But  the  perception  of  fenfible  objefls 
commencing  at  the  earlieft  period  of  human 
exiftence,  and  the  fimple  original  percep- 
tions being  mofl:  intimately  aflbciated  and 
confounded  with  thofe  acquired  notions 
whofe  origin  is  beyond  the  utmofl:  ftretch 
of  memory,  their  feparation  in  the  mind 
which  contemplates  them  becomes  a  matter 
of  much  difficulty.  This  diftindion,  to- 
tally difregarded  by  the  generality  of  man- 
kind, is  fometimes  overlooked  even  by  the 
profeft  optical  writer. 

A  FEW  examples  may  ferve  to  illuidratc 
my  meaning,  and  to  relieve  the  reader. 

The  feeming  increafe  of  apparent  mag- 
nitude in  the  celeftial  bodies,  for  inftance, 
3  the 
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the  moon  when  on  or  near  the  horizon,  is 
a  phaenomenon  which  has  been  noticed  hy 
all  optical  writers.  To  the  folution  which 
has  been  given  of  this  phsencmenon  by  Dr. 
Smith  I  have  nothing  to  add,  nor  any  thing 
to  objed:.  But  it  is  worthy  of  remark,  that 
the  habit  of  judging  refpecling  the  diftance 
and  magnitude  of  terreftrial  objefts  extends 
to  the  celeftial  bodies,  where  the  circum- 
fiances  on  which  the  principle  of  judgment 
15  founded  have  no  exiftence* 

Though  the  apparent  magnitude  of  ter- 
reftrial objeds  is  perpetually  varying  ^in  pro- 
portion to  their  diftance  from  the  eye,  ftill 
there  is  fome  fort  of  ftandard  in  the  mind, 
perhaps  indeed  not  very  accurate,  to  which 
a  reference  is  generally  made.  It  is  not 
poflible  to  form  a  conception  of  a  vifible 
objed:,  without  fome  determinate  magnitude, 
and  this  magnitude  will  in  general  be  that 
which  belongs  to  the  objedl  in  that  fituation 
wherein  we  have  been  moft  accuftomed  to 
B  3  view 
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view  and  confider  it ;  the  variations  of  appa- 
rent magnitude,  the  gradations  of  colour,  and 
indiflindnefs  of  outline,  which  influence 
our  judgment  concerning  the  diflance  of  ter- 
reftrial  objedls,  are  fo  many  circumftances 
of  real  alteration  in  the  vifible  objed:. 

When  we  fee  two  men  in  a  horizontal 
direftion,  one  at  the  diftance  of  ten,  and  the 
other  at  the  diftance  of  an  hundred  yards, 
there  is  a  real  diminution  of  apparent  mag- 
nitude in  the  latter ;  but  there  being  a  regu- 
lar fucceffion  of  intermediate  objedls,  all 
well  known,  and  each  appearing  in  due  pro- 
portion to  thofe  with  which  it  is  contiguous, 
we  pafs  over  the  diminifhed  magnitude,  at- 
tending only  to  the  diftance  of  which  it  is 
a  fign.  But  if  a  man  ftiould  be  feen  at  the 
fame  diftance  in  an  elevated  fituation,  as  on 
the  top  of  fome  high  building,  the  mind 
not  being  accuftomed  to  judge  of  diftance 
in  that  direction,  and  there  being  no  fur- 
rounding  objed:s  of  known  magnitude  with 

which 
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whiph  to  compare  it,  and  which  might  ferve 
as  a  meafure  of  proportion,  the  vifible 
magnitude  of  the  man  becomes  in  this  fitua* 
tion  an  objedt  of  attention,  and  appears  di- 
minilhed  from  being  compared  with  that 
imperfed  ftandard  in  the  mind  above  no- 
ticed, and  which  is  formed  from  the  ap- 
parent magnitude  of  a  man  at  a  fmall  dif* 
tance^ 

Again:  when  we  look  through  a  tele- 
fcope,  which  magnifies  the  diameter  of  an 
objed:  in  a  certain  degree,    we  judge   the 
objed:  to  appear  nearer,  but  not  larger ;  for, 
in  this  cafe,  the  vifible  magnitude,  though 
really  increafed  by  the  telefcope,  yet  is  not 
fo    increafed  as    to    exceed   the  magnitude 
which  belongs  to  the  objedt  at  diftances  in 
which  we  have  been  accuftorned  to  view  it. 
The  increafed  magnitude  correfponds  with 
fome  one  of  thofe  diftances,  and  operates  on 
the  mind  as  a  fign  of  it.     But  if  the  inftru-^ 
nient  magnified  the  objedt  to  a  degree  be* 
B  4  yon4 
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yond  any  at  which  we  had  been  accuftomed 
to  fee  it,  or  beyond  the  ftandard  in  the 
mind,  we  ihould  then  attend  to  the  vifible 
magnitude,  and  the  objed:  would  appear 
riot  only  as  nearer  but  as  larger.  And  this 
is  what  takes  place  when  we  look  at  an  ob- 
jedl  through  a  microfcope,  when  the  vifible 
magnitude  being  increafed  much  beyond  any 
ilandard  to  which  the  mind  can  refer  it,  or 
which  correfponds  with  any  diftance  at 
which  we  had  been  accuftomed  to  fee  it, 
fuch  increafed  vifible  magnitude  engages 
the  attention,  and  we  view  the  objed:  as 
magnified,  without  noticing  the  diftance. 

I  HAVE  only  mentioned  thefe  circum- 
ftances,  which  are  well  known  to  thofe  who 
have  ftudied  optics,  in  order  to  obferve,  that 
in  fuch  inftances  there  is  either  fome  ftand- 
ard  in  the  mind  with  which  a  vifible  objeifl 
is  compared,  or  fome  real  alteration  in  the 
vifible  circumftances  by  which  the  judgment 
may  be  influenced.  But  in  the  phenome- 
non 
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non  of  the  horizontal  moon  every  thing  re- 
mains the  fame,  the  true  magnitude  is  un- 
known to  fcnfible  perception,  and  cannot 
be  made  a  ftandard  of  comparifon  in  the 
mind ;  but  this  true  magnitude  remains  un^ 
altered.  The  vifible  magnitude,  or  the  fpace 
the  objedl  occupies  on  the  retina,  alfo  remains 
unchanged  in  all  the  various  degrees  of  ele- 
vation, and  the  real  diftance  remains  the 
fame,  or  at  leaft  the  variations  to  which  it 
is  fubjcd:  have  no  influence  in  the  matter 
we  are  confidering.  And,  laftly,  we  are  as 
much  accuflomed  to  fee  the  moon  at  an  ele^ 
vation  as  on  the  horizon. 

Thus  it  appears,  that  the  variable  vifible 
magnitude  which  takes  place  with  refped;  tQ 
terreflrial  objefts,  and  which  in  conjuncftioA 
with  other  circumftances  becomes  the  fign 
of  diflance,  can  have  no  place  with  regard 
to  the  celeflial  objed:.  And  yet  mankind 
invariably  agree  in  thinking  that  the  ndoon 
appears  larger  when  on  or  near  the  horizon 

than 


than  when  at  an  elevation ;  and  by  appearing 
larger,  they  in  general  mean  that  it  is  a  larger 
obje(5t  to  fight ;  and  the   manner  in  which 
fome  optical  writers  exprefs  themfelves  on 
this  fubjed:  rather  feems  to  countenance  than 
to  corred:  fuch  a  notion;  but  the  philofo- 
pber  knows  that  the  increafe  of  magnitude 
is  neither  real  nor  apparent :  the  vifible  ob- 
jed:  really  undergoes  no  alteration  of  mag- 
nitude in  any  fituation ;  the  angle  fubtended 
by  the  diameter,  or  the  fpace  occupied  on 
the  retina,  is  the  fame  throughout  all  degrees 
of  elevation ;  and  the  feemihg  increafe  of  the 
magnitude  is  truly  the  operation  of  a  faculty 
very  diftindl  from  fimple  vifion.     However, 
fo  difficult  is  it  to  make  this    diftindion, 
that  the  philofopher  who  is  acquainted  with 
the   fubjed:,   equally   with    the   uninformed 
part  of  mankind,  while  contemplating  the 
moon  upon  the  horizon,  cannot  avoid  con^ 
fidering  it  as  appearing  of  increafed  magni-i 
tude. 


if? 
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In  the  foregoing  inftance  a  real  diftinftion 
is  overlooked.  In  the  next  inftance  I  fhall 
mention  there  is  a  diftindion  mad^  where 
none  really  exifts :  this  is,  in  feeing  by  re-. 
fledlion  from  a  mirror. 

When  any  objedl  is  placed  before  a  plane 
mirror,  we  fee  two  fimilar  things ;  one  by 
direfi:  rays,  the  other  by  rays  refled:ed  from 
the  mirror.  Now,  mankind  in  general  at- 
tribute to  one  of  thefe  vifible  objects  a  reality 
which  they  deny  to  the  other;  they  confider 
the  objed:  which  they  fee  by  the  refleded 
rays,  or,  as  they  exprefs  it,  "in  the 
GLASS,"  as  the  image  of  the  other  which 
they  fee  by  dired:  rays ;  and  the  general 
mode  of  exprefTion  ufed  by  optical  writers 
conforms  to  fuch  a  notion. 

It  is,  however,  certain,  that  the  two  vifi- 
ble objeds  feen  in  fuch  a  lituation  are  per- 
fedly  fimilar  in  their  nature,  and  the  one  ken 
by  dired  rays  has  no  circumftance  of  exter- 
nality 
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nality  or  reality  belonging  to  it,  which  can 
with  any  reafon  be  denied  to  the  other.     The 
rays  which  are  refleded  by  the  mirror  do  not 
iffue  from  the  other  ohjedi  which  is  seen 
dired:,  but  this  laft  is  feen  by  rays  which 
iffue  from  the  fame  fource  which  fends  the 
rays  to  the  glafs ;  and  the  identic  rays  which 
excite  that  appearance  which  we  call  the  re- 
fledied   image  of   the  other  might,    if  the 
glafs  were  removed,  pafs  on  ftraight  to  fome 
other  eye,  where  they  would  form  a  vifible 
objedt  precifely  fimilar  in  every  circumftance 
to  that  it^Vi  without  the  mirror,  and  which 
is  generally  ccnfidered  as  the  real  or  external 
obje<3:.     The  only  difference  then  in  the  two 
objeds  is,  that  one  is  caufed  by  rays  which 
pafs  in  a  ftraight  line  to  the  eye,  and  the 
other  by  rays  which,  impinging  on  the  mir- 
ror, are  fent  out  of  their   ftraight   courfe ; 
but  this  circumftance  can  make  no  real  diffe- 
rence in  J:he  nature  of  the  objed:  feen.     Here 
then  a  very  important  diftindion  is  made 
where  none  really  exifts;  for  one  of  thefe 

objeds 
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objcifls  IS  confidered  as  external  and  real,  and 
the  other  as  a  mere  appearance. 

It  is  not  to  be  fuppofed,  that  optical 
writers  can  be  unacquainted  with  thefe  cir- 
cumftances,  though  it  is  very  certain,  that 
their  general  mode  of  expreffion  conforms  to 
the  vulgar  opinion.  But,  however  allowable 
fuch  a  conformity  may  be  in  matters  which 
relate  to  the  ordinary  intercourfe  of  life,  it 
ought  not  to  be  admitted  in  matters  of  fcience, 
where  the  particular  province  of  the  writer 
is,  to  corredt  the  erroneous  opinions  of  the 
uninftruded  part  of  mankind:  or,  if  itfhould 
be  faid,  that  the  common  expreffion  of  **  an 
objeft  and  its  imager''  is  ufed  merely  for 
the  fake  of  diftindion,  this  fhould  be  no* 
ticed,  and  the  true  nature  of  the  objedls 
explained. 

But  the  notion  which  of  all  others  is  molt 
intimately  affociated  and  confounded  with 
the  fimple  perceptions  of  fight,  is  that  of 

exter- 
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externality  and  remotenefs  which  we  annex 
to  every  thing  we  fee ;  and  fo  ftrongly  is 
this  notion  impreffed  on  the  mmds  of  thofe 
who  have  not  been  aecuftomed  to  view  the 
fubjed:  in  a  philofophical  light,  that  the  bare 
attempt  to  corred:  it  renders  one  liable  to  the 
charge  of  abfurdity,  and  of  advancing  poll- 
tions  repugnant  to  common  fenfe. 

And  here  we  may  again  obferve,  that  the 
explanation  given  by  moft  optical  writers  of 
the  ordinary  procefs  of  vifion  conforms  in 
expreffion  with  the  general  opinion.  We 
are  told,  that  the  rays  of  light  which  iffue 
from  every  point  of^n  external  objed:  falling 
on  the  eye  are,  by  the  laws  of  refradiion, 
coUecSted  into  certain  correfponding  points  on 
the  retina,  where  they  form  a  pidure  of  the 
objed  in  an  inverted  pofition ;  which  pidtire 
or  image,  through  the  aftion  of  the  optic 
nerve,  is  the  mean  by  which  the  external 
objecfl  becomes  vifible :  that  is,  they  con- 
ceive  two  diftind  fets  of  objects ;  one,  the 

exter- 
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external   objeds,  which  they  reprefent  as 

the   things  feen ;  the    other,    the   inverted 

piftures  of  them  on  the  retina,   which  are 
not  feen. 

And  it  appears,  from  the  manner  in  which 
thefe  writers  ftate  fome  queflions  relating  to 
the  phasnomena  of  vifion,  that  they  do  not 
exprefs  themfelves  in  this  manner  merely  in 
conformity  to  general  opinion,  but  that  they 
really  confider  the  thing  feen  as  fomething 
very  diftindt  from  the  projection  on  the  re- 
tina. Thus  a  queftion  which  has  given  rife 
to  much  fpeculation  on  this  fubjed  is,  On 
what  principle  is  it  to  be  accounted  for,  that 
objedls  are  feen  ered  by  means  of  inverted 
images  ?  The  queftion  thus  ftated  evidently 
implies,  that  the  objed  feen  is  one  thing, 
and  the  image  on  the  retina  another :  and  the 
ingenious  Dr.  Smith,  who  has  treated  the 
fubjed  of  vifion  fully,  and  in  fome  degree 
philofophically,  applied  himfelf  to  calculate 

the 
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the  magnitude  of  the  pidture  on  the  retina 
of  the  fmalleft  vifible  objed;,  or  of  what  he 
calls  a  fenfible  point  on  the  retina,  which  he 
makes  to  be  the  eighth- thoufandth  part  of  an 
inch**  This  is  certainly  fuppofing  the  pic- 
ture on  the  retina  to  be  fomewhat  diftinit 
from 5  and  inconceivably  fmall  in  proportion 
to,  the  vifible  objed:. 

But  fuch  an  account  of  vifion  tends  to 
mifleadj  for  the  truth  is,  that  we  have  no 
perception  whatever  of  external  objeds  by 
light,  either  mediate  or  immediate ;  the 
projedions  on  the  retina  being  the  dired:  and 
fole  objeds  of  vifion.  And  this  pofition  is 
advanced  as  a  plain  truth  whofe  proof  does 
not  reft  on  any  metaphyfical  fubtlety,  but 
which  is  capable  of  as  full  and  clear  a  de- 
monftration  from  the  moft  fimple  and  fami- 
liar phssnomena  of  fight,  as  any  propofition 
throughout   the    whole    extent   of   natural 

*  Smith's  Optics,  Vol  I,  p.  31. 

philg- 
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pliilofophy.  But,  as  a  prejudice  fo  general 
and  fo  deep-rooted  as  is  that  of  feeing  external 
objedls  cannot  eafily  be  removed,  I  ihall  in 
the  following  Sedion  ftate  fome  general 
principles  which,  when  well  underftood,  will 
aflift  in  forming  juft  notions  on  this  fubjedt. 


SECTION 
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SECTION    11. 


An  Expofition  of  certain  general  Principles 
necejfary  to  a  right  Underjianding  of  the 
true  Nature  of  Vifton.  Fallacious  Reafon^ 
ing  of  Dr.  Reid pointed  out  *. 


V/NE  propofition  which  we  fhould  ever 
have  in  view,  if  we  would  form  juft  notions 
on  the  fubjed:  we  are  treating,  is,  that 
colour  has  no  exiftence  independent  of  the 
mind  ;  that  it  is  no  quality  exifting  externally 
in  material  fubftance,  but  an  effed:  produced 
on  the  mind  by  the  aftion  of  the  rays  of 
light  on  the  organs  of  vifion ;  all  the  variety 
of  colours  we  fee  depending  on  the  circum- 
ftances  under  which  the  rays  ad;  on  the  optic 
nerves. 

*  The  writer  publifhed  fome  "  Obfervations  on  Single 
Vifion"  in  the  European  Magazine  for  September  I794n 
fome  of  which  are  repeated  in  this  Eflaye 

It 


t    »9    3 

It  would  be  fuperfluous  to  enter  here  at 
large,  on  the  proof  of  a  pofition  fo  well 
known,  and  fo  generally  admitted.  I  fhall^ 
however,  introduce  one  experiment  which, 
though  Ample,  is  perfedly  decifive  *. 

It  is  a  well-known  fadl,  that  if  two  fub- 
ftances  perfedly  dry  and  finely  powdered, 
the  one  of  a  blue,  the  other  of  a  yellow 
colour,  fhould  be  mixed  together,  the  mafs 
would  exhibit  a  green  colour. 

From  this  fimple  experiment  arife  the  fol- 
lowing obfervations  :  if  the  fubftance  fhould 
have  been  from  the  firft  prefented  to  us  under 
this  form,  we  fhould  have  confidered  it  as 

*  This  do6lrine  refpefting  colour  has,  however,  lately  been 
called  in  queftion  by  Dr.  Reid,  of  Glafgow,  and  Dr.  Beattie, 
of  Aberdeen ;  but  the  fallacy  of  their  reafoning  on  this  fub- 
je6t  might  very  eafily  be  pointed  out.  And,  indeed,  what 
kind  of  philofophy  can  be  expefted  from  writers  whofe  fun- 
damental tenet  is,  "  that  popular  perfuafion  or  belief  is  the 
**  ultimate  tefl  of  truth ;"  or  "  that  we  believe  becaufe  we 
**  cannot  help  it,  and  that  what  we  cannot  help  believing  is 
"  true."  See  Dr.  Reid's  "  Inquiry  into  the  Mind  on  the 
*'  Principles  of  common  fenfe,"  and  Dr.  Beattie's  ElTay  "  Oa 
the  Nature  and  Immutability  of  Truth." 

c  %  being 
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being  of  a  green  colour,  for  the  fame  reafon 
that  we  now  confider  the  two  as  being  one 
yellow,  the  other  blue,  the  green  colour  has 
equal  claim  to  reality  and  to  be  confidered  as 
a  quality  of  the  fubftance,  with  the  former  5 
but  in  this  inftance  the  two  fubftances  re- 
main the  fame  after  the  mixture  as  before  ; 
the  change  which  takes  place  does  not  affedl 
their  riature,  but  refpecfts  only  the  arrange- 
ment of  their  individual  particles,  and  their 
mutual  pofition  in  regard  to  each  other, 
while  every  fingle  particle  remains  feparate 
and  diftinft ;  neither  is  there  any  alteration 
in  the  nature  of  the  rays  of  light  which  enter 
the  eye  after  the  mixture  of  the  fubftances : 
the  fame  fpecies  of  rays  ilTue  from  the  mafs 
as  before  the  union,  and  each  ray  enters  the 
eye  alfo  feparate  and  diftind:.  But  in  this 
lituationjhe  rays  ifTuing  from  an  individual 
particle  of  either  fubftance  do  not  occupy  a 
fenfible  point  on  the  retina,  and  therefore  do 
not  fingly,  excite  any  fenfation,  or  become 
feparately  vifible ;  but  over  fuch  a  fenfible 
point   are  diffufed  rays  which  iffue  equally 

both 
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bcfth  from  the  blue  and  the  yellow  particles ; 
and  the  confequence  is,  the  fenfation  of  agreen 
colour  ;  a  fenfation  excited  by  the  combined 
aftion  of  two  forts  of  rays  on  one  fenfible 
point.  But  if  the  mafs  (hould  be  viewed 
through  a  lens  of  a  proper  degree  of  con- 
vexity, the  rays  ifluing  from  an  individual 
particle  of  either  fubftance  would  in  this 
cafe  occupy  a  fenfible  point  on  the  retina,  and 
the  blue  and  the  yellow  particles  would  be 
feen  diftind:  from  each  other. 

But  thefe  fenfible  points  on  the  retina  differ 
from  geometrical  points ;  for  the  latter  have  no 
dimenfions,  and  ca  inot  be  objefts  to  fenfe  ; 
but  the  former  have  dimenfions,  or  they  could 
not  be  perceptible ;  and  thus  the  fenfation  of 
colourj'when  excited,  neceflfarily  produces  the 
perception  of  vifible  extenfion,  which  is 
Cpmpofed  of  fuch  fenfible  points.  The  exten- 
fion is  included  in  the  nature  of  colour,  fince 
the  two  are  abfolutely  infeparable  in  the 
imagination.  It  is  impoffible  to  conceive 
colour  diftindl  from  length  a^nd  breadth,  or 
^  3  to 
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to  conceive  vifible  extenfion  unaccompanied 
with  colour  ;  but  extenfion  in  its  nature  con- 
iifts  of  parts,  each  of  which  has  a  certain 
pofition  in  refped  to  every  other  part.  Pofi- 
tion  is  pointed  out  by  a  difference  of  colour, 
which  gives  limits  to  certain  portions  of  ex- 
tenfion, and  extenfion  circumfcribed  confti- 
tutes  figure.  Again:  a  continued  fucceflive 
change  of  pofition  conftitutes  motion  ;  and 
thus  the  perception  of  vifible  extenfion,  with 
its  various  modifications,  of  figure,  pofition, 
and  motion,  refults  from  the  fenfation  of 
colour. 


IT  is  ufual  for  optical  writers  to  fpeak  of 
the  rays  of  light,  as  being  continuous  lines, 
and  this,  may  be  commodious  for  the  purpofe 
of  optical  demonftration ;  but  we  know  that 
it  is  not  abfolutely  juft.  A  ray  of  light  con- 
fifts  of  extremely  minute  particles  iflTuing 
from  a  body  in  the  fame  direction,  but  per- 
fedlly  difliindt,  and  at  very  confiderable  dif- 
tances  from  each  other.  The  rarity  of  light, 
confiidered  as  a^medium,  has  been  particularly 

notice4 
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noticed  by  the  ingenious  Mr.  Melville  and 
others ;  and  it  is  fuppofed  that  one  individual 
particle  may  have  proceeded  to  the  diflance 
of  fome  thoufands  of  miles  before  another 
particle  quits  the  body  in  the  fame  dirertion ; 
but  fo  confiderable  is  the  velocity  of  their 
motion,  that  the  interval  in  time  is  utterly 
imperceptible  to  fenfe. 

If  we  Ihould  conceive  rays  of  light  as 
continuous  lines  extending  from  an  objedl  ta 
the  eye,  it  might  feem  to  form  a  fort  of  con- 
nexion between  the  two,  and  might  tend  to 
llrengthen  the  erroneous  notion  of  feeing  the 
external  thing :  but  if  we  confider  that  the 
particles  of  light  which  ftrike  the  eye  and 
excite  the  fenfation  of  colour,  are  abfolutely 
detached  from  the  objed,  and  that  it  is  even 
poffible  that  an  objedl  may  no  longer  exift, 
when  that  light  which  caufes  what  we  call  the 
fight  of  it  reaches  the  eye,  we  fhall  certainly 
be  better  prepared  to  admit  the  doilrine 
which  I  have  advanced. 

Q  ^  IN 
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IN  every  inftance  where  an  objedl  is  pre- 
fented  to  the  mind  by  means  of  fight,  it  will 
probably  be  found,  that  judgment  and  ima- 
gination are  concerned  together  with  acflual 
perception.  And  the  true  nature  of  vifion 
can  never  be  rightly  comprehended  without 
making  a  proper  diftinftion  between  thefe 
various  operations.  But  to  this  end  it  is  re- 
quifite  that  we  fliould  entertain  juft  notions 
of  the  general  nature  of  perception,  as  dif- 
tinguiflied  from  the  other  powers  of  the 
mind ;  for  the  great  latitude  and  variety  of 
iignification  with  which  this  term  has  been 
ufed  by  different  writers  is  utterly  inconfiftent 
with  any  idea  of  perfpicuity. 

It  is  not  eafy  to  define  fimple  operations 
of  the  mind,  but  I  fhould  explain  my  notion, 
of  perception  by  faying,  that  it  is  an  effed: 
produced  on  the  mind,  in  which  fome  object 
is  immediately  prefent  to  notice  or  apprehen- 
fion. 
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In  perception  the  objedlis  adlually  prefent 
to  the  mind  j  knowledge  may  be  confidered 
as  confifting  of  former  perceptions  repofited 
in  the  memory.  Thus,  I  know  that  the  three 
angles  of  every  plane  triangle  are,  when  taken 
together,  equal  to  one  hundred  and  eighty  de- 
grees, but  when  I  am  not  thinking  of  trian- 
gles and  their  properties,  I  cannot  be  faid  to 
perceive  this  truth.  It  is  then  only  it  can 
properly  be  faid  to  be  perceived,  when  the 
whole  demonstration  lies  before  the  mind, 
and  every  link  in  the  chain  of  reafoning  be- 
comes an  objed:  of  adtual  perception. 

Again  :  the  objedl  of  perception  muft  be 
immediately  before  the  mind,  and  this  is  what 
conftitutes  the  difference  between  perception 
and  judgment :  the  latter  being  a  certain  de- 
gree of  perfuafion  or  affent  of  the  mind 
refpefting  that,  which  is  not  perceived, 
through  the  mediation  or  intervention  of  fome 
evidence,  or  an  inference  from  exiflence  per- 
ceived, to  exiftence  unperceived.  But  tho 
objedl  of  perception  being  actually  prefent  to 

the 
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file  mind,  it  muft  in  confequence  neceflarily 
exift,  and  thus  perception  implying  exiftence 
is  the  balls  of  all  certainty  *  j  nor  can  there 
be  any  falfe  or  erroneous  perception,  for  it  is 
equally  contradidlory  that  what  is  perceived 
Ihould  not  exift,  or  that  what  has  no  exiftence 
fiaould  be  perceived :  and  all  thofe  firft  prin- 
ciples of  fcience  which  are  called  axioms,  arc 
only  fo  many  fimple  adtual  perceptions  ex- 
preffed  in  general  terms  for  the  purpofe  of 
communication . 

The  feat  of  error  is  the  judgment^  or  that 
faculty  by  which  the  mind  forms  conclufions 
refpecSing  unperceived  exiftence,  and  all  thofe 
illufions  which  are  frequently  termed  fallacies 
of  the  fenfes,  are,  properly  fpeaking,  erro- 
neous judgments  or  falfe  conciufions,  for 
the  fenfes  prefent  their  objects  to  the  mind 
agreeably  to  certain  regular  ftated  laws  of  na* 
ture,  and  therefore  without  fallacy ;  the  er* 

*  I  AM  here  fpeaking  of  exiftence  in  general,  not  meaning 
to  limit  the  figniiication  of  the  term  to  pennajient  exiftence 
imiependent  of  the  mind. 

ror 
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ror  lying  in  the  inferences  which  the  mind 
draws  from  the  objeds  prefented  by  one  fen- 
fitive  faculty,  refpeding  the  exiftence  of  thofe 
of  another  faculty :  as,  when  feeing  an  ob- 
jedl  of  a  certain  colour  and  figure,  we  con- 
clude it  to  be  an  orange,  but,  on  examina- 
tion, find  it  to  be  a  piece  of  wax  or  painted 
wood  :  or,  as  w^hen  a  ftick  is  feen  with  part 
pf  it  lying  in  water ;  in  this  cafe  the  vifible 
appearance  is  certainly  crooked,  and  fo  it 
ought  to  be  by  the  laws  of  vifion  ;  but  if  one 
fhould  thence  conclude  that  the  fame  ftick 
would  really  be  crooked  when  out  of  the 
water,  we  fhould  form  an  erroneous  judg- 
ment, while  the  appearance  would  be  juft 
^nd  regular. 

When  afphere  is  placed  before  the  eyes 
we  fee  only  a  circular  figure,  over  which  is 
diffufed  a  certain  gradation  of  colour,  or  of 
light  and  fhade  j  the  fphericity  or  folidity  is 
a  conception  or  notion  formed  withm  the 
mind  and  aflociated  with  the  actual  percep- 
tion.    But  this  circular  figure  and  gradatioa 
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of  colour,  which,  from  experience,  excite  the 
conception  and  belief  of  fphericity,   neither 
conftitute  it  nor  have  any  neceffary  connection 
with  it ;  for  a  plane  circular  furface  may  be 
fo  coloured  as  to  exhibit  to  the  eye  precifely 
that  gradation  of  colour  which  is  the  ufual 
%n  of  fphericity  ;  and  if  a  fphere  and  a  plane 
circular  furface  fo  coloured  ihould  be  at  the 
lame  time  placed  before  the  eyes,  we  fhould 
have  no  criterion  whereby  to  diftmguifli  the 
plane  from  the  folid.     Suppofe  then  the  eyes 
to  be  directed  to  the  plane  furface :  m  this 
Situation  the  object,  fo  far  as  mere  fight  is 
concerned,  would  be  precifely  the  fame  as  if 
the  eyes  were  directed  to  the  folid ;  but,  fince 
a  folid  cannot  be  perceived  where  no  fuch 
thing  exifts,  it  neceffarily  follows,  that  foli- 
dity  or  the  third  dimenfion,    is  not  percep- 
tible by  fight  j    but  that  externality  and  re- 
motenefs,  the  notion  of  which  we  fo  uniformly 
annex  to  the  objedts  we  fee,  is  no  other  than 
this  third  dimenfion :  and  hence  it  alio  fol- 
lows, that  diftance  in  a  line  from  the  eye  is 
no  dire(5t  objed:  of  fight. 

If 
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If  there  does  exift  a  fet  of  external  ob- 
jects, and  if  the  mind  is  endowed  with  a 
power  of  perceiving  thefe  objed:s,  it  muft 
perceive  them  fuch  as  they  are;  the  nature  of 
the  organs  of  fenfe  or  the  mode  by  which  the 
perception  is  conveyed  to  the  mind  can  make 
no  difference  in  the  nature  of  the  objedl  when 
perceived.  We  frequently  hear  mention  of 
apparent  figure  and  of  apparent  magnitude,  as 
qualities  or  attributes  of  things,  which  have  at 
the  fame  time  a  different  real  figure  or  real 
magnitude  ;  but  this  is  a  very  inaccurate  and 
unphilofophical  manner  of  fpeaking,  for  no 
principle  can  be  more  obvious  than  this,  that 
one  individual  thing  cannot  have  two  dif- 
ferent figures  or  different  magnitudes  at  the 
fame  time.  Every  thing  whatever  pofTefTes 
certain  qualities  which  diftinguifli  it  from 
every  other  thing,  w^hich  conftitute  its  elTence 
or  caufe  it  to  be  what  it  is.  It  is  impoilible 
that  a  thing  fliould  differ  from  itfelf  or  poffefs 
at  the  fame  time  qualities  repugnant  to  each 
other.  And  therefore,  if  the  external  things 
have  certain  properties,  and  if  the  things  per- 
ceived have  other  properties  different  from 

thofe 
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thofe  or  inconfiftent  with  them,  it  muft  fol- 
low, that  the  things  perceived  are  not  the  ex- 
ternal things.  No  reafoning  can  be  more 
plain  and  fimple  than  this.  If  it  fhould  be 
faid  that  we  perceive  part  of  an  objedl  by  one 
faculty  and  part  by  another,  it  may  be  re- 
plied that  the  objeds  of  different  faculties 
are,  in  truth,  different  things  ;  we  polTefs  no 
faculty  competent  to  the  perception  of  fub- 
ftance  or  the  fubflratum  of  qualities  and  the 
principle  of  individuality  is  a  meer  work  of 
the  mind.  It  is  impoffible  that  a  hard  or  foft 
thing ;  a  rough  or  a  fmooth  thing  fhould  be 
feen,  or  that  a  red,  a  blue,  or  a  yellow  thing 
fhould  be  felt. 

ExTENBED  figured  objeds  are  fufceptible 
of  various  relations  among  themfelves  which 
are  no  relations  with  regard  to  the  percipient ; 
fuch  are  thofe  of  place  and  pofition.  While 
any  objed:  preferves  its  identity,  it  muft  if 
perceived,  be  perceived  to  be  the  fame  what- 
ever may  be  its  fituation ;  for  if  this  circum- 
ftance  caufes  no  real  alteration  in  the  nature, 
magnitude  or  figure  of  the  objed,  neither  can 

it 


t   i^   ] 

it  caufe  any  in  the  perception  of  that  object. 
Miiid  or  a  percipient  principle  has  not  itfelf 
any  immediate  relation  to  fpace ;  for  if  it  ex- 
ifted  in  place  or  occupied  fpace,  it  muft  be  ex- 
tended and  figured  *.  We  may  fuppofe  a  cube 

and 

*  There  are,  I  know,  many,  and  fome  even  wlio  are 
in  habits  of  abftraft  ftudy,  who  find  a  difficulty  in  con- 
ceiving, that  any  thing  whatever  can  exilt  without  place,  or 
who  fuppofe  that  the  queflion  "  Where  is  it  r"  is  applicable  to 
every  thing  whatever.  And,  indeed,  the  notions  of  fpace 
and  extenfion  are  fo  deeply  impreffed  on  the  minds  of  thofe 
who  are  poffefled  of  the  faculties  of  light  and  touch,  and  the 
imagination  is  fo  much  more  conftantly  employed  on  the 
objeds  of  thefe  faculties  than  on  thofe  of  the  reft,  as  to  ren- 
der it  a  matter  of  difficulty  to  divefl  the  mind  of  thefe  notions. 
We  need  not  enter  on  a  full  difcuffion  of  this  queflion  here, 
but  the  following  conilderations  may  perhaps  affifl  our  con- 
ceptions on  this  fubje6t. 

Of  the  five  fenfitive  faculties  there  are  three,  namely,  taile, 
fmell,  and  hearing,  whofe  objects  have  no  relation  to  fpace^ 
and  which  therefore  could  not  convey  to  the  mind  a  notiwi 
of  extenfion  or  its  modes.  A  found,  for  inftance,  may  be 
grave  or  acute,  of  long  or  fhort  duration,  harmonious  or  dif- 
cordant,  &c.  but  it  would  be  obvioufly  abfurd  to  fpeak  of  a 
found  that  had  length,  or  breadth,  or  figure. 

If  we  Hiould,  then,  fuppofe  a  being  endowed  with  only 
thefe  three  fenfitive  faculties,  but  to  poffefs  the  fame  intellec- 
tual powers  as  man,  fach  as  reafon,  memory,  and  imagination: 
it  is  evident  that  fuch  a  being  could  have  no  notion  of  fpace 
or  extenfion ;  but  the  variety  of  other  notions  which  might 
arife  from  thefe  faculties  is  confiderable,  fuch  as  duration, 
with  its  modes  of  fucceffion,  prior  and  pofl:erior,  &c.  He 
might  alfo  acquirer  notion  of  numbers^  of  fimilarity,  diver- 

fity, 
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and  a  fpliere  to  be  placed  in  a  variety  of  fitu- 
ations,  one  with  refpecft  to  the  other,  but  it 
would  be  obvioufly  abfurd  to  confider  thefe 
circumftances  as  relations  in  regard  to  thq 
percipient.  If,  for  inftance,  the  cube  were 
to  be  removed  to  a  diftance  from  the  fphere, 
with  what  propriety  could  it  be  faid  to  be  re- 
moved at  the  fame  time  to  a  diftance  from  the 
mind  ;  or  that  the  cube  lay  on  one  fide  of  the 
mind  and  the  cube  on  the  other  ? 

I  SHALL  conclude  this  fedion  with  fome 
obfervations  on  a  remarkable  inftance  of  falfe 
reafoning  in  an   eminent   writer,  *  in  great 

Cty,  equality,  and  many  others;  and  we  fliould  find  that 
fuch  a  being  might  have  notions  which  come  under  fev^en.  of 
the  ten  categories,  and  confequently  there  would  be  room  for 
much  exercife  of  reafon  and  imagination,  without  any  notion 
of  extenfion  and  its  modes.  This  may  be  fuflicient  to  ihew, 
that  the  idea  of  fpace  is  not  a  necefTary"  idea  in  the  mind  of  an 
intelledual  being.  The  notion  arifes  from  the  nature  of  the 
fenfitive  faculties,  but  there  may  exift  beings  of  intePe6tual 
powers  and  faculties  far  exceeding  thofe  of  the  human  fpecies, 
who,  notwithftanding,  may  be  without  thofe  faculties  to  which 
the  perception  of  fpace  and  extenfion  is  appropriated,  and 
who  may,  therefore,  be  deftitute  of  fuch  notions. 

*  Dr.   Thomas   Reid,  Profefibr  of  Moral  Philofophy  in 
the  Univerfity  of  Glafgow,  in  a  work  entitled,  "  Effays  on 
"  the  Intelle6lual  Pov/ers  of  Man."     See  this  Work,  from  . 
Page  206  to  212. 

meafure 
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meafure  founded  on  confldering  the  relations 
which  fubfift  among  extended  things,  as 
being  alfo  relations  in  refpedl  to  the  perci^ 
pient. 

I  SHALL  produce  the  paffage,  not  only  as 
it  has  an  immediate  relation  to  the  fubjed: 
of  thefe  obfervations,  but  becaufe  it  may  be 
confidered  as  a  curious  fad:  in  the  hiflory  of 
the  human  mind,  and  proves  how  readily  art 
enlightened  and  ftrong  underftanding  may  be. 
perverted  by  a  predilection  for  fome  favorite 
theory. 

The  grand  aim  of  this  writer  throughout 
his  works  is,  to  abolifh  the  received  fyfteni 
concerning  ideas  j  in  oppofition  to  which 
he  maintains,  that  the  rnind  is  endowed 
with  a  power  of  perceiving  external  objedls 
immediately ;  fenfation  being,  in  this  wri- 
ter's theory,  only  a  fign  paffing  rapidly  and. 
almoft  imperceptibly  through  the  mind, 
fuggefting,    by  fome  law  of  nature  hitherto 

D  un* 
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unnoticed  by  philofophers,    the  immediatd 
perception  of  the  external  obje<9^. 

Mr.  Hume,  fomewhere  in  his  writings, 
fpeaking  of  the  general  notion  of  the  exter- 
nahty  of  the  objed:s  we  perceive,  fays : 
*'  But  this  univerfal  and  primary  opinion 
**  of  all  men  is  deftroyed  by  the  flighteft 
*'  philofophy,  which  teaches  us,  that  no- 
**  thing  can  ever  be  prefent  to  the  mind  but 
**  an  image  of  perception,  and  that  the  fenfes 
**  are  the  only  inlets  through  which  thefe 
'*  images  are  received,  without  being  ever 
**  able  to  produce  any  immediate  intercourfe 
•*  betweeri  the  mind  and  the  object.  T/je 
*'  table  ^hicb  zve  fee  feems  to  dimlnijh  as  we 
\ '  remove  farthes  from  it ;  but  the  real  ta-< 
*'  ble^  zvh'ich  exifs  indeptnde7it  of  us,  fuffers 
**  tiQ  altcrailoK,  It  zvas,  therefore,  nothing 
*.'  but  its  image  which  was  prefent  to  the 
I'  mind.  Thefe  are  the  obvious  dictates'  of 
*.'':  reafon  ;"    — * So  far  Mr.  Hume. 

This 
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This  paflage  Is  quoted  by  Dr.  Reid  in  his 
ElTays  on  the  Intelledlual  Powers  of  Man, 
and  his  reply  to  it  is  the  inftance  of  falle 
reafoning  to  which  I  have  alluded.  This 
writer,  after  having  explained  the  difference 
between  tangible  and  vifible  magnitude,  pro- 
ceeds thus  : 

**  The  argument  is  this :  *  the  table  we 
**  fee  feems  to  dirninilli  as  we  remove  far- 
**  ther  from  it ;'  that  is,  its  apparent  mag- 
*'  nitude  is  diminifhed,  *  but  the  real  table 
'*  fuffers  no  real  alteration;'  to  wit,  in  its 
'*  magnitude;  *  therefore,  it  is  not  the  real 
**  table  we  fee.'  I  admit  both  the  premifesin 
*'  this  fyllogifm,  but  I  deny  the  conclufion. 
**  The  fyllogifm  has  what  the  logicians  call 
*'  two  middle  terms;  apparent  magnitude  is 
*'  the  middle  term  in  the  firft  premiife,  real 
^*  magnitude  in  the  fecond.  Therefore, 
'*  according  to  the  rules  of  logic,  the  con- 
**  clufion  is  not  juftly  drawn  from  the  pre- 
**  mifes.  But,  laying  afide  the  rules  of 
D  2  '*  logic. 
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common 


fenfe. 


"  Let  us  fuppofe,  for  a  moment,  that  it 
^  is  the  real  table  we  fee  ;  muft  not  this 
'  real  table  feem  to  diminlfh  as  we  remove 
'  farther  from  it  ?  It  is  demonflrable  that 
'  it  muft.  How  then  can  this  apparent  di- 
'  minution  be  an  argumicnt  that  it  is  not 

*  the  real  table  ?   When  that  which  muft 

*  happen  to  the  real  table  as  we  remove 
^  farther  from  it  does  adliially  happen  to 
'  the  table  we  fee,  it  is  abfiird  to  conclude 

*  from  this,  that  it  is  not  the  real  table  we 
'  fee.  It  is  evident,  therefore,  that  this  in- 
'  genious  author  has  impofed  upon  himfelf 
'  by  confounding  real  magnitude  with  ap- 
'  parent  magnitude,  and  that  his  argument 
'  is  a  mere  sophism, 

**  I  OBSERVED,  that  Mr.  Hume's  argu- 
''  ment  not  only  has  no  ftrength  to  fupport 
''  his  conclufion,  but  that  it  leads   to   the 

**  contrary 
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**  contrary  conclufion ;  to  wit,  that  it  is  the 

'*  real  table  we  fee  j  for  this  plain  rcafon, 

'*  that  the  table  we  fee  has   precifely  that 

*'  apparent  magnitude  which  it  is  demon- 

**  flrable   the   real   table    muft   have    when 

*'  placed  at  that  diftance/' 

Such  is  Dr.  Reid's  reafoning  in  oppofition 
to  Mr.  Hume's  fyllogifm ;  in  which  it  is 
furely  the  former  who  has  impofed  upon 
himfelf,  and  th^  fophifm  may  be  fairly  re- 
torted upon  him.. 

That  a  perfon,  endowed  with  talents  fo 
refpedlable  as  are  thofe  of  Dr.  Reid,  fhould 
fuffer  himfelf  to  be  deluded  by  fo  obvicus  and 
palpable  a  fallacy  is  indeed  a  memorable  in- 
ftance  of  the  weaknefs  of  human  reafon. 
The  whole  train  of  argument  here  adduced  ; 
this  fuppofed  detedion  of  a  fophifm  in  the 
pjain  and  fimple  propofition  of  Mr.  Hume, 
does  itfelf  confift  of  a  firing  of  fophifms  and 
erroneous  notions  from  beginning  to  end. 

D  3  Firsts 
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First  :  the  author  conceives  the  diftance 
of  the  table  to  be  a  relation  with  refped:  to  the 
percipient;  he  fuppofes  it  to  be  carried 
away  from  the  mind  when  it  is  removed  to 
4  diftance  from  the  body  ;  a  mere  prejudice 
of  untutored  minds,  but  a  notion  very  un- 
worthy of  one  ace  u Homed  to  view  fubjecfts 
in  the  light  of  philofophy.  While  an  objed: 
remains  unchanged  in  its  own  nature,  the 
perception  of  that  objed:,  if  the  mind  really 
has  the  power  of  perceiving  it,  muft  alfo  re- 
main unchanged. 

Im  the  next  place,  there  is  an  obvious 
fallacy  running  through  the  whole  argu- 
ment, implymg  the  exiftence  of  the  very 
thing  it  denies;  that  is,  of  a  vifible  objedt 
diPiindl  from  the  real  or  e^cternal  objed;,  ana 
fubjed  to  certain  laws  of  variation  utterly  in- 
confiftent  with  the  nature  of  the  latter. 

Again  :  the  author  feems  to  be  led  away 
by  the  mere  ordmary  conftrudion  of  lan- 
guage,  conlidering  the  term  apparent  as  a 

quality 
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quality  or  accident  of  which  magnituJe  is 
the  fubjed:  ;  but  this  term,  though  predi- 
cated of  magnitude,  obvioufly  relates  to  the 
percipient.  Magnitude  is  only  fufceptible  of 
more  or  lefs,  and  the  external  table,  with 
all  its  attributes,  remains  precifely  the  fame, 
whether  it  be  apparent  or  not  apparent. 

What  Dr.  Reid  calls  the  two  middle 
terms,  real  or  fixed  magnitude,  and  appa- 
rent or  variable  magnitude,  are  inconfiftent 
qualities  which  cannot  exift  at  the  fame 
time  in  the  fame  fubjed.  Dr.  Berkeley, 
from  whom  Dr.  Reid  fe^ms  to  have  taken 
up  his  notions  of  vifible  and  tangible  mag- 
nitude, plainly  perceived  this,  and  he  confe- 
quently  maintains  that  there  is  no  common 
objed  of  fight  and  of  touch.  But  Dr,  Reid, 
allowing  the  premifes  and  rejeding  the  con- 
clufion,  admits  the  abfurdity  that  the  fame 
body  may  have  at  the  lame  time  two  dif- 
ferent magnitudes,  Mr.  Hume's  argument 
may  be  ilated  thus  :  '       • 

D  4  The 
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The  external  table  has  a  determinate,  in- 
variable magnitude ; 

The  objecSt  feen  has  a  variable  magni-' 
tude  j 

But  thefe  two  qualities  cannot  fubfift  at 
the  fame  time  in  the  fame  fubjed:  : 

Therefore,  the  external  table  is  not  the 
objed:  feen. 

I  cA^rNOT  conceive  founder  logic  than 
this  is ;  and  the  fophiftry  is  to  be  found  in 
Dn  Reid's  reafoning,  which  attributes  to  the 

fame  fubjed  repugnant  and  inconCftent  qua- 
lities. 

The  author  fays,  *'  If  we  fuppofe,  for  a 
*'  moment,  that  it  is  the  real  table  we  fee, 
*Mt  is  demonflrable  that  it  muft  feem  to 
**  diminiih  as  we  remove  farther  from  it/^ 
&c, 

I  COULD  wifh  the  writer  had  attempted 
this  demonflration  of  which  he  fp^aks ;  the 
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event  might  have  led  him  to  a  perception  of 
his  error.  While  we  remove  to  various  dif- 
tances,  the  table  certainly  remains  precifely 
the  fame  j  neither  it  nor  any  of  its  attributes 
fuffer  any  alteration,  whether  it  be  feen  or 
not  feen.  The  feeming  diminution  is  not 
any  affedtion  of  the  external  table,  but  of  the 
projeftion  on  the  retina  ;  and  though  it  may 
be  demonftrated,  that  the  angles  made  by 
lines  drawn  from  a  point  to  the  extremities 
of  a  figure,  muft  diminifh,  as  the  figure  is 
farther  removed  from  the  point  from  which 
the  lines  are  drawn  ;  yet  this  is  not  by  any 
means  a  demonilration  that  a  mind  endowed 
with  the  powder  of  perceiving  external  objedls 
which  have  a  fixed  magnitude,  muft  perceiv© 
thefe  objefts  as  having  a  magnitude  propor- 
tionate to  fuch  angles, 

This  may  conftitute  a  law  oj  vijion  in  be- 
ings framed  as  we  are,   but  it  can  be  no  law 
pf  general  percipiency;  on  the  contrary  it 
leads  direftly  to  this  conclufion,  that  the  fa- 
culty 
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culty  of  fight  is  not  a  power  of  perceiving 
external  material  objects  ;  fince  objedts  per- 
ceived  by  vifion  have,  in  confequence  of  this 
law,  certain  qualities  and  are  fubjecl  toacci- 
dents,  which  cannot  be  predicated  of  external 
objefts  exifting  independent  of  the  mind. 

Again:  the  writer  fays,  ''when  that 
*'  which  mull  happen  to  the  real  table  as  we 
"  remove  farther  from  it  does  aiflually  hap- 
**  pen  to  the  table  we  fee,  it  is  abfurd  to 
**  conclude  from  this,  that  it  is  not  the 
**  real  table  we  fee/'  But  I  would  aik  of 
Dr.  Reid,  what  in  this  cafe  does  happen  to 
the  real  table  by  our  being  farther  removed 
from  it?  Surely  nothing  at  all.  The  dimi- 
nution which  Dr.  Reid  calls  feeming,  is  not 
feeming,  but  real ;  it  is  no  affediion  of  the 
real  table,  which  remains  the  fame  in  all 
circumftances  of  diftance ;  but  it  is  a  real  di- 
minution of  the  projedion  or  vifible  objed-^ 
and  which  this  v/riter  throughout  confounds 
with  the  external  object. 

Upon 
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Upon  the  whole,  then,  it  appears,  that 
Mr.  Hume's  fyllogifm  is  a  fimple  and  evi- 
dent truth,  founded  on  this  obvious  propofi- 
tion,  that  a  variable  and  an  invariable  magni- 
tude cannot  be  qualities  of  the  fame  fubjed: 
at  the  fame  time  j  and  the  charge  of  fophiftry 
fairly  returns  on  Dr.  Reid.  But  even  the  er- 
rors of  fuch  a  writer  afford  a  leilon  to  the 
wifefl: ;  they  may  hence  learn  to  propofe  their 
opinions  to  the  world  with  moderation  and 
diffidence,  left  a  fuppofed  detedion  of  the 
errors  of  others  may  ultimately  appear  to  be 
only  an  expofure  of  their  own. 

I  HAVE  dwelt  at  fome  length  on  this  cir- 
cumftance,  becaufe  it  is  precifely  a  cafe 
in  point,  and  tends  to  elucidate  the  fubjed: 
we  are  confidering. 

It  may  be,  however,  neceflary  to  ob- 
ferve  here,  that  the  theory  which  Dr.  Reid 
intended  to  overfet  by  the  above  reafoning, 
is   fomewhat  very  diftind:  from   what  has 

been 
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been  advanced  refpeding  the  projections  on 
the  retina.  The  fyftem  he  oppofed  is  that 
which  maintains  that  the  iminediate  objeds 
of  human  perception  are  ideas.  The  philo- 
fophers  who  embrace  this  dod:rine  may  be 
diftinguifhed  into  two  claffes :  the  firft,  and 
much  the  more  numerous,  at  the  iiead  of 
which  we  may  place  Mr.  Locke,  admit  the 
exiftence  of  the  external  or  m.aterial  objed:, 
which  they  confider  as  the  archetype  with 
which  the  idea  has  a  general  conformity ;  and 
it  is  evident  from  the  writings  of  this  clafs, 
(among  whom  was  Dr.  Smith,  who  has 
treated  fo  largely  on  optics)  that  they  in  ge- 
neral confider  the  projections  on  the  retina  as 
being  very  diftind:  from  the  immediate  ob- 
jects of  fight,  and  as  conflituting  only  a  fiep 
in  the  procefs  of  vifion. 

The  other  clafs  deny  altogether  the  ex- 
iftence of  external    objeds,  or   of  material 
fubftance  ;  at  the  head  of  thefe  we  may  con- 
fider 
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fider  Dr.  Berkeley  and  Mr.  Hume,  whof^ 
fyftem  has  met  with  but  few  followers. 

The  general  principles  which  have  been 
ftated  in  the  preceding  part  of  this  Seftion 
may,  I  hope,  in  fome  degree,  allift  in  form- 
ing a  juft  conception  of  the  fubjed:  to  be 
treated;  but  I  am  fenfible there  are  ftill  fome 
ftrong  prejudices  to  be  fubdued. 


SECTION 


[     46    3 


SECTION    III. 

'The  Projedlions  on  the  Retina  the  immediate 
■  Objcdls  of  Vijion  ;  no  identic  Objedts  cf 
Sight  and  'Touch. — Simple  Experiments 
brought  to  prove  the  firjl  Po/ition. — The 
^ejlion  of  feeing  Objedis  ere^  by  inverted 
Images  corftdcred  *. 


X  AM  well  aware  that  the  account  I  am 
about  to  give  of  the  procefs  of  vilion  may 

at 


*  To  the  reader,  \yho  is  acquainted  with  what  has  been  writ- 
ten Oil  the  fubjed  of  vifion,  it  will  readily  occur  that  the  prin- 
ciples advanced  in  the  fubfequent  account  nearly  concur  with 
thofe  of  the  ingenious  Dr.  Berkeley  as  laid  down  in  his  "  New 
*'  Theory  of  Vifion."  However  the  writer  of  thefe  obferva- 
tions  had  formed  his  notions  on  this  fubjeft  from  his  own  re* 
flections  long  before  the  works  of  that  celebrated  author  had 
fallen  into  his  hands,  and  while  refiding  in  a  very  obfcure  and 

remote 
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at  firft  fubjed  me  to  the  charge  of  ad- 
vancing paradoxes,  or  notions  repugnant  to 
common  fenfe,  from  thofe  who  are  not  in 
the  habit  of  confidering  the  fubjed:  in  a  phi- 
lofophical  hght.  However,  I  have  little 
doubt,  that  a  patient  attention  to  what  will 
be  produced  in  fupport  of  the  doftrine  I 
fhall  ftate,  will  get  the  better  of  a  prejudice 
deeply  imprefied  on  the  mind,  from  a  long 
continued  habit  of  conceiving  the  objed:  of 
fipht  to  be  external  and  remote. 

o 

I  HAVE  already  ftated  in  the  Firft  Secftion 
the  manner  in  which  the  procefs  of  vifion 
is  generally  explained  by  optical  writers ; 
in  oppofition  to  which,  I  have  advanced, 
that  we  have  not  by  fight  any  perception  of 
external  objeds,  and  that  the  projedions 
on  the  retina  are   the   immediate   and   fole 


remote  part  of  the  world,  when  he  could  have  but  a  very  li- 
mited accefs  to  books  and  not  any  to  the  converfation  and  fo- 

ciety  of  men  of  fcience  and  literature. 

objed:s 
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objeds  of  vifion  ;  but  I  lliall  ftate  this  poli- 
tion  at  more  length. 

It  has  already  been  obferved,  and  I  fup- 
pofe  at  this  time  it  is  in  general  well  under- 
ftood,  that  colour  is  nothing  more  than  an 
efFed  produced  upon  the  mind  through  the 
medium  of  the  organs  of  vifion.  The  rays 
of  light  colleded  on  the  retina  by  their  na- 
tural adion  on  the  optic  nerve  excite  the 
fenfation  of  colour,  with  the  confequent 
perception  of  exteniion ;  and  certain  por- 
tions of  this  extenfion  being  limited  and 
marked  out  by  a  difference  of  colour  give 
rife  to  the  perception  of  vifible  figure; 
thus  the  fenfation  of  colour  renders  percep- 
tible to  the  mind  the  figures  projeded  on 
the  retina :  and  this  procefs  conftitutes  vi* 
fion. 

We  remain  in  total  ignorance  of  the  real 
efficiency  of  the  rays  of  light  on  the  optic 

nerves 
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nerves  and  the  brain  in  caufing  viiion ;  but 
when  fight  is  produced,   there  is  an  objedl 
immediately  prefent  to  the  mindj  and  the 
prefent  queftion  is,  not  how  this  objed  is 
produced  ?     But,  what  is  it  ?     Should  any 
one  chufe  to  maintain,  that  what  I  call  the 
projections  on  the  retina  are  only  ideas,  I 
do  not  feel  inclined  to  difpute  the  point; 
however,    we   have  the   fame  evidence  for 
the   exiftence   of  thefe  projediions,    as   we 
have  for  thofe  made  on  paper  by  a  lens. 
If  the  things   we  fee  are  only  ideas,    are 
they  the  ideas  of  external  objedls,  or  ideas 
of  the  projedions  on  the  retina  ?    If  they  are 
more  than  ideas,  are  they  the  objedls  them- 
felves,  or  are  they  the  projections  ?     The  ge- 
neral opinion  is,  that  the  projections  on  the 
retina  merely  conftitute  a  ftep  in  the  procefs 
of  vifion,  and  are  only  the  means  by  which 
the  objefts   we  fee,    whether  thefe  be  the 
external  things  themfelves,  or  only  the  ideas 
of  them,  become  vifible.     That  fuch  is  the 
opinion  of  optical  writers  appears  from  the 

E  cir- 
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circumftances  mentioned  in  the  firfl:  fedlionj 
and  I  appeal  to  the  experience  of  every  in- 
dividual, let  him  be  {killed  in  optics  or  noty 
Whether,  v^hilft  he  contemplates  the  fet  of 
vifible  objeds  before  him,  confifting  of 
buildings,  jRelds,  trees,  animals,  &c.  and 
paffes  his  eye  over  parts  of  his  own  perfon, 
he  does  not  conceive  that  there  is,  befides 
thefe,  a  fet  of  objeds  projedied  on  the  re- 
tina of  his  own  eyes,  in  an  inverted  order, 
inconceivably  minute,  and  perfe(3;ly  diftincft 
from  the  things  which  he  fees  ? 

I  AM  ready  to  confefs  for  my  own  part, 
that  even  now,  while  writing  expreffly 
againft  fuch  a  notion,  as  I  fit  in  my  room, 
and  view  the  various  obje(3:s  around  me,  I 
can  fcarceJy  avoid  confidering  them  as  being 
diftindl  from  the  projedions  which-  we 
know  are  formed  on  the  retina.  I  am  apt 
to  conceive  of  my  own  eyes  as  being  thofe 
objecSs  which  I  have  feen  by  refledion  from 
a  mirror,  and  that  thefe  vifible  eyes  are  the 

places 
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places  where  the  projediions  are  formed. 
And  it  is  in  oppofition  to  a  perfuaiion  fo 
general  that  I  advance,  that  this  fet  of  ob- 
jedts  which  w^e  fee,  thefe  buildings,  fields, 
trees,  animals,  &c.  which  we  conceive  to 
be  external  in  regard  to  ourfelves,  are  really 
no  other  than  the  projecflions  on  the  retinse 
of  our  own  eyes. 

In  advancing  this  pofition  the  waiter  does 
not  pretend  to  have  difcovered  any  new  fa6l 
in  viiion  ;  nor  does  the  proof  of  this  doc- 
trine reft  on  any  abftrad;  fubtlety,  or  meta- 
phyfical  refinement  whatever  ;  but  on  this 
plain  confideration,  that  the  phaenomena  of 
vifion  are  utterly  inconfiftent  with  the  facft 
of  feeing  external  objedls  ;  but  are  all  per- 
fectly conformable  with  the  projedions  on 
the*  retina.  Some  very  fimple  and  common 
phaenomena  will  be  feleded  to  illuftrate  this 
dodrine. 

E  %  But 
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But  before  we  proceed  let  me  obfervc,,that 
the  fcientific  or  geometrical  part  of  optics 
will  remain  entirely  unafFedied  by  the  pofition 
now  advanced.  The  general  properties  of 
light,  the  laws  of  its  refracSion,  refledtion, 
inflection,  &c.  will  all  remain  as  before. 
What  is  called  the  external  objedl,  from 
which  the  rays  of  light  are  fuppofed  to  be 
refledled,  thefe  reflefted  rays,  and  the  image 
they  form,  are  equally  fuppofed  in  either 
theory.  The  difference  lies  only  in  this  cir- 
cumftance,  that  the  former  dodrine  teaches 
that  the  external  objed:  is  the  thing  feen,  and 
tlmt  the  picflure  on  the  retina  is  only  the 
mean  by  which  it  becomes  vifible  j  whereas 
I  hold,  that  the  external  objed:  is  only 
tangible,  and  that  the  image  or  projection  of 
this  tangible  objed:  is  what  in  the  procefs 
of  vifion  becomes  vifible. 

It  is  the  province  of  optics  to  unfold  and 
to  explain  the  various  relations  which  thefe 
vifible  perceptions  have  to  the  external  or 

tangible 
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tangible  objeft,  and  to  inveftigate  and  define 
the  laws  by  which  they  are  excited,  and  the 
changes  they  undergo  from  the  various  cir* 
cumftances  of  light  and  iituation.     The  di- 
rection in  which   light   ads,  the  laws   by 
which  this  direction  is  changed,  with  the 
confequent  changes  produced  in  the  vifible 
figures,  are  the  chief  objeds  of  this  fcience : 
all  of  which  will  remain  unafFeded  by  the 
pofition  in  queftion.     And  it  is  worthy  of 
remark,  that  the  fcience  of  optics  is  chiefly 
founded  on  notions  originally  derived  from 
the  fenfe  of  touch.    Solidity,  refifl:ance,  den- 
iity  or  rarity  of  a  medium,  refradiion,  reflec-- 
tion,  &c.  are  all  tangible  notions ;  and  of  two 
perfons  of  whom  one  is  fuppofed  to  pofTefs 
the  faculty  of  fight  without  that  of  touch, 
and  the  other  that  of  touch  without  fight, 
there  can  be  no  doubt  that  the  blind  perfon 
might  make  a  much  greater  progrefs  in  com- 
prehending the  principles   of  optics,  than 
the  one  who  pofleffed  fight  without  touch* 


It 
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It  will,  I  know,  be  generally  conceived, 
that  the  evidence  of  fenfe,  the  moil  direifl 
of  all  evidence,  is  againft  the  pofition.     Is 
it  poiTible,  it  will  be  faid,  to  be  miilaken  in 
a  matter  fo  obvious  ?  Do  we  not  fee  that  the 
objedis    by   which    w^e   are   furrounded   are 
without  ourfelves  ?   C^n  we  not  extend  the 
hand  and  take  hold  of  a  thing,  and  can  a 
thijig  which  we  hold  in  our  hands  be  a  pidlure 
on  the  bottom  of  the  eye?  Or,  again:  Are 
not  _the  objects  which  we  fee  incomparably 
larger  than  our  whole  bodies,  much  more 
than  our  eye,  and  can  the  houfe  which  we 
fee,,  or  w^iich  we  inhabit,  be  only  an  image 
in  the  eye  ? 

Prejudices  fuch  as  this  are  ftrong  and 
not  to  be  readily  overcome :  but  have  we  not 
originally  had  other  prejudices  equally  deep- 
rooted,  which  however  have  been  removed 
by  reafoning?  Such,  for  inftance,  is  that 
refpeding  the  apparent  magnitude  of  the 
horizontal  moon  :  this  notion  may  be  over- 
come 


t     55     ] 

come  by  meafuring  the  angle  With  a  proper? 
inftrument.  Again :  the  apparent  diurnal 
motion  of  the  fun  from  eaft  to  Weft  i  here 
we  feem  to  have  the  ftrongeft  evidence  of 
fenfe ;  but  reafon  in  time  overcomes  this  pre- 
judice. And  thofe  alfo  ftated  above  may  by 
a  httle  patient  attention  to  plain  reafoning  be 
laid  afide.  They  are  founded  on  the  fup- 
pofitiori  that  the  objed:  of  fight  is  identic 
with  that  of  touch,  and  on  erroneous  no-" 
tions  concerning  the  general  nature  of  mag* 
nitude. 

There  are  two  modes  by  which  the  no- 
tion of  extenfion  and  figure  is  originally  in- 
troduced to  the  mind  ;  by  the  fenfe  of  fight, 
and  by  that  of  touch  ^.  And  extenfion  and 
figure,  confidered  abftradedly,  niufl  be  the 

*  Dr.  Berkeley  has  endeavoured,  in  his  New  Theory  of 
Vifion,  to  prove,  that  there  is  no  identic  objeft  of  fight  and 
touch ;  however,  this  notion  is  not  generally  admitled  even 
by  men  of  fcience,  and  Tome  attempts  have  lately  been  made 
to  overthrow  his  doctrine,  though  very  inetFe6hially.  If  I 
have  repeated  any  of  Berkeley's  arguments  I  do  not  apprehend 
it  necefTary  to  make  a  direct  reference* 

E  4  fame. 


fame,  by  whatever  mode  it  may  become  prc- 
fent  to  the  mind;  that  is,  length  and 
breadth  are  equally  length  and  breadth, 
whether  accompanied  by  fenfations  of  fight 
qr  of  touch.  The  effential  properties  which 
conftitute  a  circle  or  a  fquare  are  common  to 
thofe  figures,  whether  brought  before  the 
mind  by  one  or  the  other  of  thefe  faculties  ; 
and  therefore  the  figure,  confidered  geo- 
metrically, is  the  fame  * ;  but  as  one  circle 
may  be  defcribed  on  paper,  and  another  on 
wood,  and  thefe  circles,  though  their  pro- 
perties are  the  fame,  are  not  identic,  fo  the 
cxtenfion  and  figure  prefented  to  the  mind  by 
light,  is  not  the  identic  extenfion  and  figure 
prefented  to  the  mind  by  touch  :  that  is, 
there  is  no  objed:  corumon  to  both  faculties. 

We  have  no  difficulty  in  allowing  that 
found  cannot  be  the  objed:  of  the  fenfe  of 
fmell,  of  fight,  or  of  touch ;  or  that  colour 


*  Here  Dr.  Berkeley  and  myfelf  differ  fomewhat  in  oui? 
Jiotions. 

cannot 
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cannot  be  felt,  or  the  fenfations  of  toucK  be 
feen ;  but  fince  extenfion  and  figure  cannot 
be  either  perceived  or  conceived  unaccom- 
panied with  the  fenfations  either  of  fight  or 
touch,  it  follows,  that  the  extenfion  and 
figure  as  perceived  by  each  muft  be  peculiar 
to  its  own  proper  faculty ;  and  we  may  with 
equal  propriety  pretend  to  hear  fmells,  or  to 
catch  a  found  in  the  hand,  as  to  touch  the 
thing  which  we  fee,  or  to  fee  the  thing 
which  we  touch.  The  operation  of  each 
is  perfecftly  diftind:  in  its  own  nature,  and 
the  aflbciation  is  only  the  effed:  of  cuftom 
and  experience^ 

When  an  objed:  is  ifeen  by  refledion 
from  a  mirror,  no  one  would  think  of  affo- 
ciating  the  tangible  notions  with  it ;  for  in- 
ftance,  let  a  perfon  take  up  an  orange  in  his 
hand,  and  hold  it  before  a  common  looking- 
glafs,  and  he  will  fee  the  orange  in  his  hand 
by  refledion,  but  he  will  not  think  of  af- 
firming that  the  thing  he  feels  in  his  hand 

and 
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and  the  thing  he  fees  in  the  glafs  are  one  and 
the  fame.  But  it  has  been  already  obferved, 
that  the  objed:  feen  in  the  glafs  and  that  ken 
without  it  are  precifely  of  the  fame  nature, 
nor  can  there  be  the  fmallefl  reafon  in  the 
nature  of  things  for  combining  the  fenfations 
of  touch  with  one  rather  than  with  the  other, 
and  lince  they  cannot  belong  to  both,  they 
muft  belong  to  neither. 

That  the  extenfion  and  figure  perceived 
hy  touch  are  not  identic  with  that  perceived 
by  light,  alfo  appears  from  this,  that  they 
feparately  pofTefs  qualities  which  are  quite 
diftind:  and  incompatible  with  each  other. 
The  extenfion  perceived  by  touch  has  three 
dimeniions ;  that  perceived  by  fight  has  only 
two.  Solidity,  which  is  a  dired:  objed  of 
touch,  is  no  objed  of  fight;  on  the  other 
hand,  a  diftindlion  of  figure  on  a  plane  fur- 
face  is  no  objed:  of  touch,  but  is  a  fimple 
and  dired  objed  of  fight  by  difference  of 
colour.  i\gain  :  tangible  figure  and  magni- 
tude 
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tude  are  permanent  and  invariable,  vifiblc 
figure  and  magnitude  infinitely  mutable  and 
fludluating. 

A  PROPER  conception  of  this  circum- 
flance  will  tend  to  corred:  the  above-men- 
tioned prejudices,  and  enable  us  to  fcrrn  juH 
notions  of  the  general  nature  of  magnitude, 
which  to  human  minds  is  merely  a  relative 
quality  :  we  have  no  knowledge  of  abfolute 
magnitude,  and  the  magnitude  of  any  objed 
can  neither  be  expreffed  nor  conceived  but 
by  means  of  fome  other  thing  with  which 
it  is  compared. 

BcTT  as  vifible  magnitude  and  tangible 
magnitude  are  not  homogeneous  throughout, 
they  are  not  capable  of  any  common  meafure 
or  ftandard.  Vifible  magnitude  requires  a 
vifible  meafure,  tangible  magnitude  a  tangi- 
ble meafure  :  and  fince  vifible  magnitude  is 
tranfient  and  fluctuating,  while  that  which 
is  tangible  is  permanent  and  invariable,  we 

take 
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take  the  latter  in  general  for  a  ftandard  of 
tromparifonj  and  the  general  terms  for  mea- 
fure  are  taken  from  parts  of  the  body,  the 
inftruments  of  touch,  as  an  inch,  or  the 
breadth  of  the  thumb;  the  fpan,  or  ftretch 
of  the  hand ;  the  length  of  the  foot ;  the 
cubit,  or  fore-arm;  the  ell,  or  full  ftretch  of 
one  arm ;  and  the  fathom,  or  full  ilretch  of 
both  arms :  all  which  can  only  be  applied 
by  touch. 

It  is  now,  I  think,  about  two  hundred 
years  lince  the  projeftions  on  the  retina  were 
firft  difcovered  by  the  fagacious  Kepler; 
and  it  was  in  making  experiments  on  the 
eyes  of  animals  that  thofe  projedlions  became 
known  ;  and  they  are  found  to  be  fimilar  to 
other  projedions  made  by  lenfe^,  and 
founded  on  the  fame  optical,  principles.  It 
does  not,  however,  appear,  that  this  dif- 
covery  produced  any  change  in  the  general 
perfuafion  that  the  objeits  of  fight  are  ex- 
ternal and  remote.     The  projections  on  the 
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retina  were  confiJered,  not  as  the  things 
feen,  but  only  as  a  new-difcovered  ftep  in 
the  procefs  of  vifion,  and  as  a  fet  of  objects 
extremely  minute  when  compared  with  the 
fuppofed  vifible  external  objed:. 

But  this  opinion  of  minutenefs  is  entirely 
founded  on  a  mifconception,  on  a  comparifon 
of  the  things  which  are  feen  with  an  imagi- 
nary fet  of  things  which  are  not  feen.  The 
external  or  tangible  objedl  can  have  no  rela- 
tion in  magnitude  to  the  vifible  objedl.  If  we 
fliould  propofe  to  eftimate  on  optical  princi- 
ples, the  proportion  which  the  magnitude  of 
the  projed:ed  image  bears  to  that  of  the  ob* 
jed:,  we  either  conceive  them  both  as  vifible, 
or  both  as  tangible ;  in  which  way  only  they 
can  bear  any  relation  or  proportion  in  magni- 
tude to  each  other.  But  if  we  confider  them 
as  they  really  are,  the  one  only  tangible,  the 
other  only  vifible,  there  can  be  no  common 
meafure  or  ftandard  by  which  the  relation 
can  be  eftimated.  Should  any  one  doubt 
I  this, 
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this,  let  him  conceive  two  objeds,  the  one 
only  as  viiible,  the  other  only  as  tangible,  and 
then  attempt  to  compare  them  in  refped:  to 
magnitude,  and  it  will  be  found  impoffible  : 
to  fay,  that  one  is  equal  to,  or  greater  or  lefs 
than  the  other,  would  exprefs  nothing. 

The  whole  of  vifible  nature  confifts  of  a 
fet  of  objeds  or  figures  projefted  on  the 
retina,  which,  having  a  juft  proportion  to 
each  other,  agreeable  to  the  laws  of  vifible 
figure,  appear  of  their  proper  and  juft  mag- 
nitude, which  can  neither  meafure  nor  be 
meafured  by  any  external  magnitude  which 
is  no  objed:  of  fight.  Our  own  bodies  form 
a  part  of  this  fet  of  vifible  objedts,  and  our 
'notion  of  the  magnitude  of  the  eye  takes  its 
rife  from  feeing  the  eyes  of  others,  or  our 
own/eyes  by  refleftion  from  a  mirror;  and 
the  notion  of  the  minutenefs  of  the  picture 
on  the  retina  arifes  from  feeing  the  projedions 
in  the  eye  of  fome  other  animal,  and  from 
comparing  thofe  projed;ions  with  the  fimilar 
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objeds  which  we  fee  dired:,  and  in  refpeA 
to  which  they  are  extremely  minute.  But 
it  ihould  be  noticed,  that  what  in  this  cafe 
the  obferver  fees  are  not  the  identic  objefts 
which  the  animal  v/ould  fee  wdth  the  eyes  in 
his  head.  The  iTiinute  objects  are  not  the  ori- 
ginal projedions  in  the  eye  of  the  animal;  but 
this  eye  and  thefe  projections  are  again  re-pro- 
jeded  on  the  eyes  of  the  obferver,  and  com- 
pared with  the  original  projed: ions  in  his  own 
eye  *.  And  when  Dr.  Smith  fet  himfelf  to 
calculate  the  magnitude  of  the  pidure  on  the 
retina  of  the  fmalleft  vifible  objed,  it  v/as 
in  fad  the  magnitude  of  thefe  re-projedions 
w^hich  he  was  eftimating.  When,  therefore, 
it  is  faid  that  an  objed  is  much  larger  than 
the  eye,  all  that  can  be  meant  is,  that  it  is 
larger  than  the  eye  which  w^e  fee  j  but  this 
eye  which  we  fee  is  only,  like  other  vifible 
objeds,  a  figure  projeded  on  the  retina; 
and  the  eye,  properly  fpeaking,  and  confi- 

^  See  Berkeley's  New  Theory  of  Viiion,  Article  116. 
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dered  as  the  organ  of  vifion,  cannot  poffibly 
become  an  objed:  of  fight,  nor  can  we  form 
any  notion  of  its  abfolute  magnitude. 

The  above  obfervations  will,   I  hope,  be 
fufficient   to  remove   the   prejudices  above^ 
ftated;   and  we  may  now  proceed   to  the' 
dired:  evidence. 

From  a  great  variety  of  experimen^ts  which 
might  be  adduced  to  prove  that  the  projec- 
tions on  the  retinae  are  the  fole  objedls  of 
vifion,  1  Ihall  feled:  a  few  which  are  at  the 
fame  time  extremely  fimple  and  perfcdily 
decifive. 

It  is  a  fadl  well  known  to  thofe  who  hav6 
ftudied  optics,  that  in  a  certain  pofition  of 
the  eyes  the  objedl  to  which  they  are  direfted, 
though  equally  projected  on  each  retina,  ap- 
pears fingle ;  and  it  has  been  generally  fup- 
pofed,  that  in  this  cafe  the  projedion  falls 
on  the  center  of  each  retina,  or  on  points 
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Similarly  fituated  in  refped:  to  the  centres, 
and  thefe  points  have  by  optical  writers  been 
called  correfponding  points. 

I  SHALL  fuppofe  the  correfpondence  of 
thefe  points  to  depend  on  the  circumftance  of 
the  fingle  appearance  of  the  objed:  projefted, 
and  not  on  a  ftridt  geometrical  fimilarity. 
The  fad  is  well  eftablifhed;  and  it  is  alfo 
well  known,  that  if  by  any  means  the  fitua- 
tion  of  the  projedion  on  either  eye  fhould 
be  changed,  the  other  remaining  the  fame, 
two  fimilar  objed:s  would  become  vilible, 
or,  as  it  is  generally  but  very  inaccurately 
cxpreffed,  the  objed  would  appear  double  i 
and  as  this  fingle  appearance  cannot  be  ac- 
counted for  by  any  of  the  known  properties 
of  light,  or  general  laws  of  refrad;ion  and 
projedion,  it  has  been  made  a  queftion, 
whether  this  effed  is  to  be  attributed  to 
cuftom  and  experience,  or  whether  it  be  the 
confequence  of  fome  original  law  in  the 
human  conilitution  ? 

F  This 
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This  (jueftion  will  be  confidered  hereafter: 
at  prefent  we  have  only  to  do  wath  the  faft. 
And  it  is  here  to  be  noted,  that  though  the 
pi6tures  which  fall  on  correfponding  points 
of  the  retinae  appear  fingle,  the  vifible  objed 
is  compofed  of  the  two  projections. 

It  is  eafy  to  conceive,  that  if  two  plane 
figures  perfedlly  fimilar  and  equal  in  magni- 
tude (liould  be  applied  one  over  the  other, 
the  outlines  of  the  two  muft  coincide  and 
form  one  figure.      The  efFed:   of  viewing 
objeds  through  two  tubes,   one  appHed  to 
each  eye,  is  well  known  ;  if  fuch  tubes  are 
properly  applied,  and  two  fimilar  objeds,  as 
two  guineas,  placed  one  in  the  axis  of  each 
tube,  the  projedions  will  fall  on  correfpond- 
ing points  of  the  retinae,   when  the  axes  of 
the  tubes  and  the  axes  of  the  eyes  coincide, 
and  the  two  guineas  will  be  feen  under  one 
outline  and  become  undifl:inguilhab]e.     This 
efFed  is  fimilar  to  what  occurs  in  the   ordi- 
nary ufe  of  the  eyes ;  the   two  projedions 
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are  feerr  under  one  outline,  and  the  efFedl  is, 
to  render  the  appearance  more  vivid. 

But  if,  while  looking  fteadily  at  any  ob- 
jed:,  the  globe  of  one  eye  be  made  to  move 
in  the  focket  by  means  of  prefiure  with  the 
finger,  the  fituation  of  the  projections  on 
the  diftorted  eye  muft  be  changed,  and  one 
figure  will  be  feen  to  Hide  off  as  it  were  from 
the  other,  and  two  diftind:  objedts  perfed:ly 
fimilar  will  now  become  vifible,  the  one 
fituated  above  or  below,  on  one  fide  or  the 
other,  according  to  the  direction  in  which  the 
prefliire  is  made.  This  experiment  muft  be 
familiar  to  all,  and  has  frequently  been 
noticed  by  the  philofopher ;  and  it  is  to  be 
noted,  that  the  two  objects  will  be  equally 
accompanied  with  all  thofe  acquired  notions 
which  arife  from  the  fubftitution  of  vifible 
perceptions  as  figns  of  diftance,  folidity, 
and  other  tangible  qualities. 
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But  the  circumftance  to  which  wc  arc  now 
to  attend  is  this,  that  the  objeds  we  now  fee 
are  two  diftind  things,  and  not  one  and  the 
Tame.  Writers  on  vifion  fay,  that  in  this  litu- 
ation  *'  an  objed  appears  double/'  But  in  this, 
phrafe  there  is  a  degree  of  inaccuracy  unwor- 
thy of  fcience  and  bordering  on  contradidion; 
for  the  article  before  the  fubftantive  denotes 
one  thing,  but  the  word  double  denotes 
two  things.  What  then  is  a  double  objed  ? 
Is  it  one  or  two  objeds  ?  But  let  us  leave 
words  and  attend  to  things.  That  the  ob- 
jeds  which  in  this  fituation  I  fee  are  two 
diftind  things,  is  a  clear  certainty.  They 
are  fimilar,  it  is  true;  but  fimilarity  is  not 
identity.  That  they  may  be  each  excited 
by  the  fame  tangible  objeds  1  admit ;  but 
this  cannot  make  the  two  things  to  be  only 
one ;  and  on  this  circumftance  refts  the  con- 
clufion,  that  the  things  feen  are  the  projec- 
tions on  the  retinse.  It  is  as  impoffible  for 
the  fame  thing  to  be  s  e  e  n  at  the  fame  time  in 
two  diftind   places,  as  it  is  that  it  ftiould 
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EXIST  at  the  fame  time  in  two  difFerent, 
places :  and  as  the  two  things  feen  have  each 
equal  claim  to  reality  and  externality,  they 
mufl:  be  either  both  real  or  both  appearances  ; 
and  we  can  only  avoid  the  abfurdity  of  fup- 
pofing  that  external  things  may  be  made  by 
preffing  the  eye  with  a  finger,  by  admitting 
that  we  fee  only  the  projed:ions  on  the  re- 
tinae ;  the  one  is  a  projection  on  the  right 
eye,  the  other  a  projedion  on  the  left.  If 
we  now  withdraw  the  preffure,  the  two 
objecSs  will  be  feen  to  unite  or  coalefce  into, 
one  figure ;  in  this  cafe,  the  fingle  objedt  is 
compofed  of  what  before  appeared  as  two ; 
and  as  they  w^ere  not  external  while  feparated, 
the  mere  jundion  under  the  fame  outline 
cannot  render  them  fuch. 

And  the  reafoning  here  ufcd  will  apply" 
equally  againft  the  generally-received  fyflem 
of  ideas ;  for  this  theory  fuppofes  a  fet  of 
external  objed:s,  as  the  archetypes  to  which 
tlie  ideas  have  a  perfed:  conformity,  and 
F  3  confe- 
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confequently  the  two  vifible  objeds  in  the 
above  cafe  would  require  two  archetypes  or 
external  objeds. 

The  circumftance  of  feeing  objeds  by 
irefledion  from  a  mirror,  has  already  been 
confidered  in  the  Firft  Sedion  as  an  inftance 
of  erroneous  conception  on  the  fubjed  of 
vifion.  This  fimple  and  familiar  experi- 
ment may  be  again  introduced  as  a  proof 
that  we  fee  only  the  projedions  on  the  re- 
tinae; for,  as  has  already  been  obferved,  the 
objed  feen  by  refledion  has  equal  claim  to 
reality  and  externality  with  that  feen  dired ; 
the  two  things  are  precifely  of  the  fame  na- 
ture, and  fince  they  cannot  both  be  real 
external  things,  it  follows  that  neither  is ; 
and  it  would  be  a  fruitlefs  attempt  to  aflign 
any  folid  reafon  for  afcribing  externality  to, 
one  while  it  is  denied  to  the  other. 

Another  familiar  phsenomenon,  utterly 
inconfiftent  with  the  fad  of  perceiving  th*? 

external 
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external  objed:,  or  any  idea  correfponding 
with  fuch  an  objedl,  is,  that  of  feeing 
through  a  polyhedron  or  multiply ing-glafs. 
When  an  objecl  is  ((ten  fingly  through  any 
tranfparent  fubftance,  as  glafs,  the  circum- 
fiance  is  never  fuppofed  to  affed:  the  reahty 
of  ^  the  objed:  feen  ;  as  no  objed:  is  con- 
ceived to  be  lefs  real  and  external  from  being 
feen  through  a  window-glafs. 

Suppose  then  a  glafs  with  three  or  more 
plane  flices  cut  on  it ;  on  putting  this  to  the 
eye,  we  fee  diftindly  as  many  objeds  as 
there  are  faces  on  the  glafs.  I  aik  then, 
What  are  thefe  ?  They  are  certainly  diftind: 
from  each  other,  and,  though  fimilar,  are, 
not  identic.  They  cannot  furely  be  all  ex- 
ternal things  ;  but  either  of  them  feen 
through  a  fingle  face  of  the  glafs,  or  unac- 
companied with  the  reft,  would  have  been 
accounted  a  real  external  objed.  Their 
claim  then  to  reality  is  equal  j  and  fince  they 
cannot  be  all  external  things,  it  follows  that 
F  4  not 
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not  any  of  them  are;  the  truth  is,  they  are 
all  equally  projedions  on  the  retina. 

The  laft  argument  I  have  to  mention  is 
drawn  from  the  motion  of  light. 

It  is  now  fome  years  iince  aftronomers 
difcovered  that  the  particles  of  light  had  a 
progreffive  motion  of  extreme  velocity, 
which  they  found  means  to  calculate;  and 
it  has  been  difcovered  that  light  takes  up 
about  eight  minutes  in  palling  from  the  fun 
to  the  earth;  from  whence  it  follows,  that 
the  vifible  objecfl  which  v/e  call  the  fun  is 
excited  by  particles  of  light  which  had  left 
the  fun  eight  minutes  before  they  arrived  at 
the  eye;  and  the  obvious  confequence  is, 
that  if  the  fun  fhould  be  carried  beyond  the 
fphere  of  human  perception,  or  fhould  it 
be  at  once  annihilated,  we  fhould  ftill  con- 
tinue to  fee  for  eight'  minutes  that  objedt 
which  we  have  been  accuftomed  to  confider 
as  the  fun;  wherefore  we  cannot  maintain 

that 
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that  the  objedl  we  fee  is  really  the  fun, 
without  maintaining  the  abfurdity  that  an 
obje<5l  may  be  perceived  which  has  no  ex- 
iftence. 

It  would  be  needlefs  to  produce  more 
experiments,  though  many  immediately  pre- 
sent themfelves;  and  I  probably  have  al- 
ready  dwelt  too  long  on  a  fubjecS  which 
fome  writers  would  have  comprifed  in  much 
his  compafs^  Every  circumftance  in  the 
above  fimple  and  familiar  phenomena  is 
utterly  inconfiftent  with  the  fadl  of  feeing 
external  objects,  or  ideas  which  correfpond 
with  them ;  while  it  is  in  every  particular 
perfedly  conformable  with  the  projections ; 
and  we  may  therefore  lay  it  down  as  an  in- 
difputable  fadt  in  vifion,  that  the  images 
projeifled  on  the  retinae  are  the  immediate 
and  fole  objeSs  pf  the  yifual  faculty.  Thefe 
are  the  yifible  perceptions,  which  by  habit 
are  fo  intimately  aflbciated  with  the  objects 
pf  touch,  as  not  to  be  feparable  in  the  or- 
dinary 
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dinary  exercife  of  the  underftanding  j  from 
which  aflbciation  arifes  that  almoft  infur- 
mountable  perfuafion,  that  the  thing  which 
we  fee  and  the  thing  which  we  touch  arc 
otie  and  the  fame. 

But  that  externality  which  the  mind  is  fo 
accuftomed  to  conlider  as  relative  to  itfelf, 
is,  in  fadl,  only  a  relation  among  thevifible 
objedls  themfelves.  We  form  a  conception 
of  the  body  from  what  we  fee;  but  this, 
equally  with  other  vifible  objedtSj  is  only  a 
projeiStion  on  the  retina,  and  the  remotenefs 
or  externality  of  an  objed:  is  nothing  more 
than  its  Situation  with  refped:  to  this  vifible 
/>^r/ of  ourfelves. 

But  it  will  perhaps  be  faid.  Since  it  is 
allowed  that  the  theory  now  advanced  will 
make  no  change  in  the  demonftrative  part 
of  the  fcience  of  optics,  to  what  purpofe  is 
it  brought  forward,  and  what  advantage  to 
kience  will  arife  from  it  ? 
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To  this  I  fliould  anfwer,  that  it  is  and 
muft  ever  be  of  importance  that  we  ihould 
entertain  correal  notions  concerning  the  ope- 
ration of  the  fenfitive  faculties ;  and  though 
no  immediate  advantage  to  the  fciehce  of 
optics  may  at  prefent  refult  from  it,  yet  it 
is  a  fad:  in  the  general  pliilofophy  of  the 
human  mind  highly  worthy  of  notice,  and 
from  which  various  important  deduftions 
may  probably  be  made  refped:ing  perci- 
piency  in  general.  The  prefent,  however, 
is  not  the  time  for  purfuing  the  fubjedt  ia 
that  line. 

But  there  is  one  queftion  which  has  been 
much  agitated  among  optical  writers,  in 
which  the  pofition  jull:  proved  will  certainly 
apply  to  fome  advantage ;  the  queftion  is 
this.  Why  do  we  fee  objedls  eredt  by  means 
of  inverted  images  ?  Every  one  moderately 
read  in  optics  muft  know  how  much  this 
queftion  has  occupied  the  attention  of  op- 
tical writers;   but  if  we  admit  the  theory 

now 
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now  ftated,  the  queftion  itfelf  vanilKcs ; 
for  it  implies  what  is  not  a  fad:,  namely, 
that  the  external  objedls  are  feen,  and  not 
the  images  ;  but  the  truth  is,  that  the  images; 
are  not  inverted,  for  the  objecSs  we  fee  are 
ered;,  and  thefe,  i*  has  been  fliewn,  are  the 
images. 

There   is  a  folution  of  the  above  quef- 
tion  by  Dr.  Reid,  on  which  I  fliall  make 
a  few  remarks,   becaufe  the  author  draws 
from  it  a  conclufion  which  I  conceive  to  be 
altogether  inconfiflent  with  the  nature  of  vi- 
lion;  which  is  this:  '*  that  if  the  projections 
**  on  the  retina  had  been  the  reverfe  of  what 
1*  they  now  are,  the  mind  would  have  feen 
**  all  objects  in  an  inverted  pofition."     This 
author  has  laid  it  down  as  a  law  of  nature 
in  vifion,  that  we  fee  objedls  in  the  direc- 
tion of  a  line  paffing  from,  the  pidure  on 
the  retina  through  the  centre  of  the  eye  ; 
and   by  this   law  of  nature    he  folves  the 
queftion ;  fince  the  lines  thus  paffing  from 

the 


t    77    1 

the  extremities  of  an   object    projefted   on 
the  retina  muft  of  courfe  crofs  each  other. 

But  this  is  rather  to  cut  than  to  loofen 
the  knot ;  it  is  only  faying  that  we  fee  ob- 
jedls  ered:  in  confequence  of  a  law  of  na- 
ture ;  and  when  this  law  comes  to  be  ex- 
plained, it  only  expreffes  the  fail  itfelf  in 
other  words. 

By  a  law  of  nature  in  vifion  t  can  only 
underftand  fome  original  mode  of  aftion 
arifing  from  the  ftrudlure  of  the  organ,  and 
its  natural  effedl  on  the  mind ;  and  not  thofe 
habits  of  affociation  which  are  founded  on 
cuftom  and  experience.  Thus,  the  habit 
of  affociating  the  notion  of  diftance  to  cer- 
tain vifible  perceptions,  though  general 
throughout  mankind,  cannot  with  fbrid:  pro- 
priety be  termed  a  law  of  nature  in  vifion, 
becaufe  it  does  not  arife  from  any  circum- 
ftance  in  the  ftrudlure  or  conformation  of 
the  eye,  nor  is  it  deducible  from  any  known 
I  prin* 
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principle  in  optics,  but  is  founded  on  expe- 
rience, or  on  the  habit  acquired  of  com- 
bining tangible  with  vilible  notions ;  and  it 
is  very  poffible,  that  a  human  being  with 
perfed:  eyes  might  be  placed  in  fuch  circum- 
ftances  as  never  to  acquire  this  experience, 
and  confequently  never  to  unite  to  his  vilible 
perceptions  the  notion  or  conception  of  dif- 
tance  in  a  line  from  the  eye ;  and  fince  the 
dirediion  of  an  obje6l  from  the  eye  imphes 
this  kind  of  diftance,  and  is  indeed  a  mo- 
dification of  it,  it  cannot  be  faid  that  wc 
fee  objedls  in  any  direftion  from  the  eye 
in  confequence  of  any  law  of  nature  in  vi- 
fion. 

We  know  by  experience,  that  an  objedl 
is  only  feen  clearly  and  dillindily  when  the 
projediion  falls  on  a  certain  point  of  the  re- 
tina, generally  fuppofed  to*  be  its  centre. 
This  point  is  the  centre  of  the  field  of  view, 
and  the  viiible  place  of  every  other  objeft 
is  determined  by  its  iituatiou  on  the  retina 
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relative  to  this  centre ;  and  from  the  habit 
of  direfting  the  eye  upwards  or  downwards, 
or  to  one  fide  or  the  other,  in  order  to  bring 
an  objecH:  on  the  centre  of  the  retina,  that 
it  may  be  diftindly  feen,  is  derived  the 
notion  of  direcftion  from  the  eye.  To  look  at 
an  ohjeEl  is  only  to  bring  the  projection  on 
the  centre  of  the  retina.  Dr.  Reid's  folu- 
tion  therefore  only  amounts  to  this,  that 
objedts  appear  ered:  from  the  habit  of  judg- 
ing them  to  be  in  a  certain  diredlion  from 
the  eye ;  which  I  conceive  to  be  only  ex- 
prefBng  the  fa(5l  in  other  words ;  the  quef- 
tioil  is.  What  is  the  foundation  of  this 
judgment  ? 

Every  one  knows  that  inverfion  is  only 
a  relative  term.  One  individual  figured 
objed:  exifting  in  abfolute  fpace,  whatever 
might  be  its  fituation,  could  never  be  in  an 
inverted  pofition  fo  long  as  it  remained 
fingle ;  two  objeds  at  leaft  are  neceflary  to 
give  rife  to  the  relation  of  inverfion  j  and 
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the  fame  holds  true  of  a  whole  kt  of  ob- 
jedls,  which,  while  retaining  their  proper 
relative  pofition  among  themfelves,  could 
never  be  inverted,  whatever  might  be  their 
pofition  in  abfolute  fpace.  Here  fome  other 
objed,  diftin6t  from  the  fet,  would  be  ne^ 
ceflary  to  ferve  as  a  ftandard  of  comparifon, 
or  in  refpeft  to  which  the  other  might  be 
inverted. 

But  the  whole  of  vifible  nature  conL  '^s 
of  a  fet  of  figures  projected  on  the  retina, 
made  perceptible  by  the  fenfation  of  colour, 
which,  fo  long  as  they  preferve  their  rela- 
tive pofitions  among  themfelves,  cannot  be 
inverted.  We  call  that  the  upper  part  which 
is  toward  oUr  head  or  toward  the  fky,  and 
that  the  lower  part  which  is  toward  our  feet 
or  the  ground ;  and  the  fame  with  refpedt 
to  the  right  or  left  hand.  But  this  head  or 
this  fky,  or  the  ground  or  our  feet,  and  the 
right  or  left  hand,  are  equally  vifible  objects 
projected   on   the   retina.      That   obje6t   is 
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cre<3:  whofe  upper  part,  or  that  part  which 
points  toward  the  iky,  is  pofited  on  the  re-« 
tina  toward  that  part  where  the  Iky  itfelf  is 
alfo  pofited  on  the  fame  membrane;  and 
that  objed:  is  on  the  right  hand,  whofe  pofi- 
tion  on  the  retina  is  on  that  fide  of  it  where 
the  right  hand  itfelf  is  alfo  pofited. 

Nor  does  the  ab folate  pofition  of  an  ob- 
jed: in  refpecl  to  the  retina  itfelf  determine 
its  eredlnefs  or  inverfion ;  for  in  every  in- 
clination of  the  head  the  general,  fituation 
of  the  objeds  on  the  retina  muft  alter, 
while,  their  relative  pofition  remaining  the 
fame,  the  objeds  preferve  their  erect  ap- 
pearance. In  a  recumbent  pofture  the  pro- 
jedions  will  be  tranfverfe  on  the  retina,  but 
the  ered:  appearance  will  remain ;  and  that 
equally,  whether  the  upper  part  of  the  ob- 
jed is  projeded  on  the  right  or  on  the  left 
fide  of  the  retina,  according  as  we  lie  on 
one  fide  or  on  the  other. 

G  Let 
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Let   us  now  fuppofe,  for  the  thing  is 
poffible,  a  perfon  to  be  confined  from  his 
birth  in  one  pofition ;  his  hmbs  and  head 
to  be  made  immoveable,  and  all  intercourfe 
with  beings  fimilar  to  himfelf  to  be  abfo- 
lutely  precluded.     Such    an   one,    his    eyes 
being  perfed:  and  his  fight  free,  would  have 
the  fame  vifible  perceptions  as  another;  and 
whatever  may  be  truly  called  laws  of  nature 
in  vijion  would   take  place  in  this  being; 
but  as  he  could  not,  in  this  fituation,  ac- 
quire the  habit  of  combining  tangible  no- 
tions with  his  vifible  perceptions,  thefe  laft 
muft  confequently  remain  feparate   and   in 
their  original  form.     Such  a  being  would 
perceive  a  conftant  facceffion  of  vifible  ob- 
jeflis    appearing   and   vanllhing   from  fight 
after  various  modes.      The    diminution  of 
apparent  magnitude,  the  various  gradations 
of  light  and  Ihade,  and  other  circumftances 
which  to  us  fuggeft  diftance,  v/ould  to  him 
be    only   a    variation    of   appearance.      He 
would  have  no  notion  of  the  figure  of  his 

own 


r  83  3 

own  body,  or  of  his  own  eyes  conjfidercd  as 
the  inftruments  of  fight;  and  every  thing 
would  feem  to  him  as  within  himfelf.  The 
pofition  of  objefts  would  be  in  his  appre- 
henfion.only  a  relation  among  themfelves, 
but  no  relation  in  refpedl  to  himfelf  as  the 
percipient;  the  diftance  of  one  objed:  from 
another  would  appear  only  as  a  diftance  on 
the  fame  furface ;  but  of  diftance  or  direc- 
tion from  himfelf  ho,  would  have  no  idea. 

But  this  being  would  fee  all  objeds 
ered: ;  that  is,  he  would  fee  them  in  their 
true  relative  pofition s  in  refped:  to  each 
other.  If  he  faw  a  tree,  he  would  fee  the 
trunk  toward  the  ground  and  the  branches 
toward  the  Iky.  If  he  faw  a  man,  he 
would  lee  his  feet  on  the  ground  and  his 
head  in  the  air,  ia  the  fame  manner  as  we 
do.  The  objeds  on  his  retinae  would 
occupy  the  whole  of  vifible  fpace.  And 
in  order  to  form  the  notion  of  inver- 
fion,  fome  objed:  diftind:  from  the  things 
G   2  he 
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he  faw  would  be  neceflary,  in  refpecft  to 
which  they  might  be  inverted ;  but  fuch 
a  notion  he  would  not  be  able  to  form ;  and 
all  this  would  equally  take  place,  whatever 
might  be  the  real  original  pofition  of  thefe 
objedls  on  his  retinae,  w^hether  vertical,  in 
either  diredlion,  or  horizontal  or  oblique; 
for,  the  pofition  of  the  objed:s  being  merely 
a  relation  fubfifting  among  themifelves,  and 
no  relation  in  refped:  to  the  mind  which 
perceives  them,  it  follows,  that  fo  long  as 
they  preferved  their  true  relative  pofition 
in  refpedl  to  each  other,  they  muR  appear 
to  the  percipient  in  their  proper  or  creA 
fittiation ;  for  there  can  be  no  inverfion  of 
an  entire  fet  of  objedls  in  abfoiute  fpace* 

When  Dr.  Reid  then  concludes,  that 
if  the  objec^ls  had  been  originally  all  pro- 
jefted  on  the  retina  in  a  fituation  the  reverfe 
of  what  they  are  now,  they  would  have 
appeared  to  be  in  an  inverted  fituation,  I 
think  he  totally  mifapprehends  the  matter; 

for^ 
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for,  the  eredtion  or  inverfion  has  no  depen- 
dence whatever  upon  the  abfolute  pofition 
of  the  whole  fei  of  objects.  And  had  this 
been  the  order  in  which  nature  had  placed 
the  objects  on  the  retinae,  the  notions  of 
touch  would,  by  experience  and  habit,  be- 
come regularly  aflociated  to  this  order  of 
appearance ;  for  the  body  and  limbs  would 
in  this  cafe  have  the  fame  relative  pofition 
in  refpedl.to  the  furrounding  objed:s  as  they 
have  now. 

If  it  were  required,  for  inftance,  to  reach 
an  objed;  from  the  ground,  or  from  above 
the  head,  we  fhould  of  courfe  extend  the 
hand  toward  the  place  where  the  objed:  ap- 
peared to  be  fituated.  If  an  objed:  were 
fituated  on  either  fide  of  us,  we  fhould,  in 
order  to  reach  it,  naturally  extend  towards  it 
that  hand  which  appeared  to  be  on  the  fame 
fide  as  the  objed:. 

Upon  the  whole  then  it  appears,  that  opti- 
cal writers  have  perplexed  themfelves  in  folv- 
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ing  a  difficulty  of  their  own  making.     The 
notion  of  inverted  images  is  foimded  en  com- 
paring the  (a   of  objedis  v/hich  we  do  fee 
with  an  imaginary  fet  of  things  which  we 
do  not  fee.     If  we  could  fee  the  objects  as 
they  would  appear  proied:ed  in  the  eyes    of 
a  living  body,  we  Ihould   fee  them  inverted 
with  refped:   to   thofe  we  faw  dired: ;  but, 
as  has  been  already  noticed,  the  things  we 
fhould  fee  in  this  cafe  would  not  be  the  real 
projeftions  in  the  eye  of  another,  but  a  mi- 
nute {tt  re-projed:ed  on  our  own  eyes  ;  and 
fince  it  follows   from  the  common  laws  of 
proje6lion,  that  thefe  minute  objeds  would 
appear  in  an  order  inverted  in  refped:  to  the 
real  projedions   in  the  other  eye,  v/e  muft 
allow,  if  we  call  the  former   inverted,  that 
the  real  projedions  would  be  ered. 

Another  queftion  in  vifion  which  has 
been  at  leaft  equally  agitated  with  the  former 
is,  How  we  are  to  account  for  feeing  objeds 
fingle  with  two  eyes  ? 

It 
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It  is  a  well-known  facS,  that  in  order 
that  the  fingle  appearance  fhould  take  place, 
it  is  neceffary  that  the  eyes  fhould  be  in  a 
certain  pofition  in  refpQCt  to  the  objeil,  or 
that  the  proje(5lions  of  the  fame  objed;  on 
each  retina  fhould  fall  on  certain  points, 
which  optical  writers  have  called  corre- 
fponding  points ;  and  this  correfpondence 
has  by  fonie  been  attributed  to  cuftom 
and  experience,  and  by  others  confidered  as 
the  confequence  of  fome  original  law  in  the 
human  conflitution. 

Dr.  Wells  conflders  the  fingle  appearance 
as  the  neceffary  refalt  of  a  law  whereby  ob- 
jeds  appear  to  lie  in  a  certain  line  of  direc- 
tion; which  law  is  fuppofed  to  affed;  each 
eye  when  ufed  fingly,  in  the  fame  manner 
as  when  the  two  are  ufed  conjointly ;  in 
confequence  of  which  law  an  objed  in  a 
certain  fituation,  appearing  to  each  eye  to 
lie  in  the  fame  line  of  diredion,  mud  of 
courfe  appeajr  fingle. 
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This  theory  of  vifible  dirediion  and  its 
confequences  will  form  the  fubjecl  of  the 
following  Sedtions  *. 


*  Having  throughout  the  foregoing   acco\mt    of   viiioii 
fpoken  of  the  tangible  objefts  ?.3  being  real  p.nd  external ; 
I  might  perhaps  be  aiked  by  certain  per-'.ns,    :a  what  ground 
externality  or  reaiitv  can  be  attribuied  ^j'tlie  tangible,  rather 
than  to  the  vifible  objeci  ?     But  the  ciifcuinon  of  this  queflion 
would  lead  us  into  the  depths  of  abftmfe,  metaphyfical  rea- 
foning,  and  is  foreign  to  our  prei-rai  T:"'-:r?;ofe.     I  am  fenfibie 
that  the  principles  of  Dr.  Berkeley  and  Mr.  Hume  refpefting 
material  exillence  are  adopted  by  feveral  perfons  of  eminent, 
talents  in  the  prefent  day,  and   I  believe  are  daily  gaining 
ground.     However,    1   conceive  that  what    has    been    here 
advanced  refpe6i:ing  vifion  is  not  affefted   by  this  queftion 
which  ever  v-^ay  we  take  it.     They  who  embrace  the  ideal 
fyftem  muft  allow  that  there  is  a  certain  procefs  of  nature 
in  vifion  whether  the  obje6ls  concerned  in  it  have  any  per- 
manent   exiftence   independent   of  the  mind   or  not.     The 
tangible  obje6^  ;    the  rays  of  light  ;    the  projeftions  on  the 
retinas  are  not  abfolute  non-entities :  they  are  certain  things 
cognizable  by  our  faculties,  vv^hatever  may  be  the  nature  of 
their  abfolute  exigence ;  and  to  thefe  philofophers  I  fhould 
fay,  that  optical  writers  in  general  explain  the  vifible  objed 
as  having  a  relation  to,  and  connection  with,  one  part  of  the 
procefs,  namely,  that  which  we  in  general  confider  as  the 
external   objeft,    whereas  I    confider    the  vifible  objed    as 
being  connected  with,  and  dependent  upon,  a  different  part 
of  the  procefs,  namely,  that  part  which  we  call  the  projec- 
tions on  the  retinae. 
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SECTION    IV. 

Dr.  Wells's  Theory  of  Vifible  Dire&ion 
examined,  and  the  ^ejiion.  Why  QbjeBs 
appear  Single  to  Two  Eyes  f  conjidered^* 


1  NOW  propofe  to  examine  the  theory  of 
vifible  diredlion  laid  down  by  Dr.  Wells, 
and  particularly  to  confider  whether.it  really 
affords  an  adequate  folution  of  the  queftion, 
Why  objeds  appear  fingle  when  feen  by  both 
eyes? 


*  Notwithstanding  the  doctrine  I  have  myfelf  laid 
down,  refpeding  the  true  nature  of  the  immediate  obje6ls  of 
fight,  I  find  myfelf  in  fome  degree  under  the  neceffity  of 
conforming  at  times  to  the  general  mode  of  expreffion,  and  I 
give  this  notice,  in  order  to  prevent  fuch  inftances  from  being 
brought  againil  me  as  a  contradidion  of  my  ov/n  doiElrine. 

Philosophy  in  general  would  require,  equally  with  the 
fcience  of  chemiftry,  a  new  nomenclature  and  a  new  conftruc- 
tion  of  phrafes,  if  we  would  exprefs  ourfelves  with  ftrift 
accuracy. 

I  HAVE 


[    90    ] 

I  HAVE  hitherto  confidered  it  as  a  fad  in 
vifion,  that  objeds  appear  united  when  their 
projedions  la.ll  on  the  centers  of  the  retinae, 
or  on  points  limilarly  iituated  v/ith  refped  to 
the  center;  but  it  may  be  necelTary  to  obferve, 
that  in  fpeaking  of  the  center  of  the  eye,  or  of 
the  retina,  and  of  iimilar  points,  I  do  not 
conceive  that  abfolute  geometrical  accuracy 
is  required  ;  for  true  geometrical  figures  are 
mere  creatures  of  the  mind,  and  have  no  ex- 
igence among  external  objeds  :     An  abfo- 
lutely  perfed  fphere  or  cube  is  nowhere  to  be 
found   in  nature.     It  will,   I  apprehend,  be 
generally  allowed,   that  in  a  found   flate  of 
the  eye  the  point  where  the  optic  axis  termi- 
nates on  the  retina  may  in  refped  to  fenfe  be 
confidered  as  the  center*  j  and  I  fhall  adopt 
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*  W^HEN  we  conflder  the  ufe  of  the  eye,  there  appears 
reafon  to  fuppofe  it  adapted  with  no  fmall  degree  of  accuracy  to 
its  peculiar  fuiiftions  ;  and  I  conceive  it  to  be  probable,  from 
the  nature  of  the  eye  confidered  as  an  optical  inilrument, 
that  the  ray  of  light  which  paiTss  perpendicularly  through  the 
center  of  the  cryflalline  comes  to  it  unbent,  and  is  in  fad: 
tlie  true  optic  axis.     If  the  obfervations  of  a.natomiils  are 
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the  definition  of  the  optic  axis  which  Dr, 
V/clls  has  laid  down.  If  the  termination  of 
this  axis  on  the  retina  is  not  precifely  the 
center,  f!:ii]  I  conceive  that  the  law  of  vifible 
direction  mentioned  by  Dr.  Smith  and  by 
Dr.  Reid,  will  not  be  afFecled  by  fuch 
trifling  deviation  from  ilrid:  geometrical  pre- 
cifion.  It  is  a  fa (9:,  that  points  whofe  pro- 
jecPcions  on  the  retina  are  the  terminations  of 
thefe  axes,  appear  united  ;  and  the  quefiion  I 
mean  to  confider  is,  Whether  this  apparent 
union  is  the  caufe  of  fome  law  of  viiible 
dj'redion  from  the  eye  ?  or,  Whether  it  refults 
from  fome  original  property  independent  of 
any  fuch  law  of  vilible  direction  ? 


founded  on  experiments  made  on  the  eyes  of  dead  animals, 
the  precife  form  thus  determined  cannot,  I  think,  be  depended 
upon.  However,  it  feeras  an  acknowledged  fad:,  that  there 
are  certain  points  of  one  retina  which  correfpond  with  certain 
points  of  the  other ;  infomuch,  that  the  objecls  projected  on 
thefe  points  refpectively  appear  united:  the  correfpondence  of 
the  points  I  conceive  is  founded  on  this  property  of  producing 
a  fingle  appearance,  and  not  a  ftri6i;  geometrical  limilarity. 

I  PER- 
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Iperfi:ctly  agree  with  Dr.  Wells  in  re- 
jeding  the  opinion  of  Dr.  Smith,  who  de- 
rives the  union  of  thefe  points,  or  the  fingle 
appearance,  from  cuftom  or  the  habit  of 
correding  vifible  notions  by  the  knowledge 
acquired  from  the  fenfe  of  feeling  ;  and  I 
fliould  think  it  a  fufficient  objection  to  this 
folution  to  fay,  that  if  the  fingle  appearance 
is  founded  on  a  knowledge  of  the  unity  of 
the  external  objed,  derived  from  the  fenfe 
of  feeling,  a  fingle  appearance  ought  not  to 
take  place  when  we  previoufly  know  there 
are  two  external  objeds ;  but  it  is  a  well- 
known  fad:,  that  two  diftind  fimilar  objeds 
may,  in  a  certain  fituation  of  the  eye,  be 
made  to  appear  as  one ;  however,  indepen- 
dent of  this,  there  are  various  other  infur- 
mountable  objedions  to  this  folution. 

There  is  an  experiment  refpeding  the 
fenfe  of  feeling,  which  has  frequently  been 
adduced  as  an  inftance  of  fallacy  in  that  fenfe 
of  a  fimilar   nature   with   the   fallacies   of 

figbtj 
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f-E^t  *  :  I  mean  the  double  fenfation  occa* 
fioned  by  feeling  any  object,  as  a  button  or 
a  marble,  with  the  oppofite  fides  of  two 
contiguous  fingers  laid  acrofs ;  but  this  fup- 
pofed  fallacy  is  founded  on  the  inaccuracy 
of  our  conceptions  refped:ing  the  unity  of 
an  objed ;  for,  to  fpeak  ftridlly,  the  diffe- 
rent parts  of  an  extended  objed:  are  really 
different  things ;  and  it  is  impoffible  to  feel 
the  fame  thing  at  the  fame  time  with  two  fin- 
gers, becaufe  tw^o  fingers  cannot  at  the  fame 
time  be  applied  to  one  and  the  fame  part  of 
any  objed* 

The  circumftance  which  in  our  judgment 
conflitutes  the  unity  of  an  objed:  has,  in 
this  cafe,  no  relation  whatever  to  the  fenia- 
tion.  Let  a  marble  be  firft  felt  with  the 
fingers  croffed,  and  in  this  fituation  the  op- 
pofite fides  of  the  marble  are  what  we  feel 
with  the  different  fingers.     Now,  fuppofe 


*  This  circumdance  is  mentioned  by  Dr.  Smith  in  his 
Syftem  of  Optics. 
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the  marble  to  be  cut  into  two  parts,  and  let 
each  part  be  felt  refpedively  by  the  fame 
fingers  as  before,  uncroffed ;  in  this  fituation 
we  fhould  not  fcruple  to  fay,  that  we  had  a 
feeling  of  two  diftind:  things  j  but  what  we 
feel  now^  are  precifely  what  we  felt  before ; 
and  I  find,  that  when  feeling  an  objed:  with 
my  fingers  ftretched  apart,  but  not  crofTed, 
I  can,  with  a  fmall  degree  of  attention, 
catcii  the  fame  notion  of  duplicity  as  when 
the  fingers  are  crofled  ;  the  truth  is,  the  fal- 
lacy lies  in  the  judgment  wq  form  of  the 
relation  which  the  parts  felt  by  the  different 
fingers  have  to  each  other.  But  in  the  cafe 
of  fingle  vifion  the  circumflances  are  entirely 
different ;  for  here  the  very  fame  points  of 
what  we  call  the  external  or  tangible  objed: 
are  feen  by  each  eye.  I  have  adverted  to 
this  fad:  refped:ing  the  fenfe  of  touch,  a& 
ferving  to  lliew  how  apt  even  perfons  accuf- 
tomed  to  deep  invefligation  are  at  times  to 
think  with  inaccuracy. — But  to  proceed. 
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Dr.  Reid  is  of  opinion,  that  the  apparent 
union  of  the  centers  and  ilmilar  points  of 
the  retinae  is  the  confequence  of  fome  origi- 
nal law  of  our  conftitution  ;  in  which  doc- 
trine I  am  inclined  to  concur,  for  reafons 
which  will  be  hereafter  mentioned.  To  this 
opinion  Dr.  Wells  objed:s,  that  it  ftands  in 
oppolition  to  a  very  extenfive  analogy,  which 
teaches  us,  that  when  two  organs  of  a  fimilar 
kind  are  found  in  the  fame  individual,  the 
eorrefponding  parts  of  fuch  organs  are  found 
to  be  at  equal  diftances  from  the  plane 
of  partition ;  agreeable  to  which  rule,  in- 
ftead  of  a  correfpondence  between  points 
iimilarly  iituated  on  the  retinse  with  refped:  to 
the  center,  we  fliould  have  a  point  on  the 
right  fide  of  one  retina  eorrefponding  with 
a  point  at  an  equal  diftance  from  the  center 
on  the  left  fide  of  the  other  retina. 

This  objed:ion,  how^ever,  appears  to  me 
to  have  little  weight ;  but  while  I  fay  this,  I 
muft  confefs  that  my  knowledge  in  anatomy 
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IS  too  limited  to  render  me  competent  to  a  full 
difcuffion  of  the  queflion.     There  is,  how- 
ever, one  circumftance  refpeding  the  human 
eyes  which,  I  think,  may  account  for  what 
Dr.  Wells   terms  a  violation  of  a  very  ex- 
tend ve  analogy  ;  this  is,  the  parallel  motion 
of  the  eyes*     If  we  extend  the  analogy  men- 
tioned by  Dr.  Wells  to  the  motion  of  fuch 
fimilar  organs,  we  fhould  naturally  exped: 
that  it  would  be  in  oppofite  directions ;  that 
when  one  moved  to  the  right  the  other  (liould 
move  to  the  left,  in  order  to  preferve  an  equal 
diftance  from  the  plane  of  partition ;  but  we 
know  that  there  is  a  law  of  motion  in  the 
eyes  diredtly  contrary  to  this  ;  and  that  when 
one  moves  fo  as  to  increafe  the  diftance  of 
the  centre  of  the  retina  from  the  plane  of 
partition,  the  other  at  the  fame  time  moves 
in  fuch  a  manner  as  to  caufe  the  centre  of 
the  retina  to  approach  this  plane. 

I  UNDERSTAND  there  are  fix  mufcles  be- 
longing to  each  eye  which  regulate  their  mo- 
tions, 
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tions,  of  which  four  are  called  ftraight,  and 
two  oblique  mufcles.      Now  it  appears  to 
me,  that,  agreeable  to  the  rule  here  mentioned, 
we    ought    to     eXpedl    the    torrefponding 
mufcles  to  aft  at  the  fame  time,  the  external 
ftraight  mufcle  of  pne  to  adt  with  the  ex- 
ternal ftraight  mufcle  of  the  other  eye,  and  fo 
of  the  reft  j  and  in  that  fet  of  motions  which 
regulates  the  incHnation  of  the  optic  axes  to 
each  other,  this  really  does  take  place  ;  but 
in  the  more  general  fet  of  motions  by  which 
the  eyes  are  carried  together  to  the  right  or 
to  the  left,  the  external  mufcle  of  one  ad:s 
with  the  internal  mufcle  of  the  other :  and 
if  It  could  be  fhewn,  which  I  apprehend  is 
probable,  that  in  general  where  there  are  dou- 
ble organs,  the  correfponding  parts  of  fuch 
organs  aft  together,  there  would  thea  appear 
a  reafon,  drawn  from  the  nature  of  the  func- 
tions of  the  eyes,  for  departing  in  this  in- 
ftance  from  the  general  analogy.     To  this 
we  may  add,  that  if  fingle  vifion  be  the  con- 
fequence  of  an  united  impreffion  or  fenfation, 
H  which 
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which  is  at  leaft  a  probable  fuppofition,  th« 
general  laws  of  optical  projedion  require, 
that  this  property  fliould  refide  in  points, 
which  do  not  agree  with  that  rule  of  corref- 
pondence  which  takes  place  in  other  double 
organs  whofe  fundlions  are  different :  and 
thefe  confiderations  appear  to  me  fufficient 
to  invalidate  the  arguments  a  priori  which 
Dr.  Wells  has  founded  on  analogy. 

With  refpedl  to  thofe  derived  from  the 
confequences  of  Dr.  Reid*s  theory,  I  have 
but  little  to  obferve.  The  firft  is  founded 
on  that  writer's  notion  concerning  vifible 
place,  in  which  I  totally  differ  from  him ; 
original  vifible  place  does  not  include  either 
diftance  or  direftion  from  the  eye.  In  re- 
gard to  the  fecond,  it  will,  I  think,  appear 
that  the  fads  are  in  favor  of  Dr.  Reid,  an4 
that  an  objed:  at  reft  does  appear  to  move 
as  feen  by  one  or  the  other  eye  alternately, 
of  which  more  will  be  faid  hereafter.  The 
third  objedion  relates  to  a  cafe  of  fquinting, 
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on  which  I  am  not  competent  to  fay  much, 
never  having  had  opportunities  of  making 
obfervations  on  fuch  cafes  ;  but  conceiving 
them  to  be  anomalous  fubjedls,  I  ihould  not 
confider  it  as  making  againft  the  general 
dodlrine,.  even  if  it  ihould  be  found,  that 
the  points  where  the  optic  axes  terminate  in 
fuch  eyes  do  not  appear  united ;  and  indeed 
this  cafe  is  no  more  to  be  reconciled  to  the 
theory  of  Dr.  Wells  than  to  that  of  Dr. 
Reid.  Having  made  thefe  remarks  on  the 
objeftions  brought  by  Dr.  Wells  againft  the 
theory  of  an  original  correfpondence  between 
the  centres  and  iimilar  points  of  the  retinae, 
we  may  proceed. 

One  important  obfervation  which  occurs 
o^  the  outfet  of  an  inquiry  concerning  the 
caufe  of  fingle  vifion  is,  that  it  can  be  no  quef- 
tion  with  any  who  maintain  that  we  fee  exter- 
nal objedts,  or  ideas  correfponding  with  fuch 
objeds ;  for  if  we  fee  external  objefts,  and 
thofe  objedls  are  fingle,  we  muft  neceifarily 
H  3  fee 
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fce  them  fingle  j  that  is,  we  mufl:  fee  them 
as  they  are,  independent  of  aiiy  number  of 
eyes* 

If  the  mind  is  endowed  with  a  power  of 
perceiving  external  things,  th^  mode  of  per ^ 
eeiving  can  make  no  difference  in  the  thing 
perceived;  the  number  of  the  organs  concern- 
ed cannot  increafe  the  number  of  the  things 
to  be  perceived,  and  it  muft  be  impoffible  to 
fee  two  things  where  there  is  only  one  thing 
to  be  feen.  What  has  been  obferved  in  the 
preceding  Sections  renders  it  needlefs  to 
dwell  on  this  pofition  here ;  and  indeed  it 
carries  its  own  evidence  oh  the  face  of  it. 
But  confidering  the  projections  on  the  retina 
as  the  direft  objects  of  vifion,  it  becomes  a 
rational  and  philofophical  queftion,  Why^ 
in  a  certain  pofition  of  the  eyes,  the  two  pro- 
jedlions  appear  united  as  one,  or  i^tn  under 
the  fame  outline  ?  and  I  profefs  myfelf  to  b« 
one  of  that  clafs  mentioned  by  Dr.  Wells,, 
which  conliders  lingle  vifion  to  be  the  con- 
feijuence  of  an  united  impreifion  or  fenfa- 
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4ion  ;  and  though  it  may  not  be  poffible  to 
produce  fuch  evidence  for  this  opinion  as 
ihay  amount  to  abfolute  demonftration,  yet 
I  think  it  may  be  fhewn,  that  there  is 
nothing  in  this  new  theory  to  fet  fuch  a 
notion  afide;  and  that  the  evidence  for  it  is 
fuch  as  to  render  it,  if  not  certain,  at  leaft 
highly  probable. 

The  folution  of  our  author  makes  the  phe- 
nomenon of  fingle  vifion  the  confequence  of  a 
certain  law  of  viiible  direction ;  but  I  afk, 
may  not  the  apparent  union  of  the  objedl  be 
the  original  fad:,  and  this  law  ofvifibledi- 
redlioa  a  certain  confequence  of  fuch  united 
appearance  ? 

To  account  for  a  phenomenon  in  nature 
is  to  trace  it  up  to  fome  law  more  general 
than  itfelf,  and  of  which  the  fadl  is  one  ne- 
cefTary  confequence ;  thus,  water  rifes  in  a 
pump  from  the  fame  principle  by  which  a 
flone  falls  to  the  ground,  or  by  which  water 
defcends  in  rivers  to  the  fea;  that  is,  from 
H  3  the 
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the  general  principle  of  gravitation.  But 
this  law  of  vifible  direction,  admitting  it 
to  be  juft,  is  not  more  general  than  the  fad 
it  is  brought  to  explain  :  it  is  indeed  lefs 
genei-al ;  for  the  apparent  union  of  the  optic 
axes  may  be  confide^ed  as  being  only  one 
inftance  of  the  general  iingle  appearance  of 
objeds. 

If  it  could  be  made  to  appear,  that  the 
fame  feeming  direction  of  objects,  placed  in 
either  optic  axis  was  the  original  law,  we 
might  then  confider  the  united  appearance  of 
objedls  as  the  con/equence  of  fuch  law.  But, 
on  the  other  hand,  if  the  apparent  union  of 
pbjeds  projedied  on  certain  points  of  each 
ict'mz  is  the  original  fadl,  the  various  cir- 
cumftances  of  feeming  dirediori,  may  be 
deduced  from  fuch  united  appearance. 

Which  circumflance  then  is  prior  in  the 
order  of  things  ?  Vv^as  there  ever  a  time 
previous  to  the  acquifition  of  certain  habits 
of  judging,    v^herv  objefts    did    not  appear 

fmgle 


I   103  ] 

lingle  even  in  that  pofition  of  the  eyes  iti 
which  we  now  know  that  they  do  ?     If  thi$ 
queflion  could  be  anfwered  in  the  affirma- 
tive, it  might  go  a  confiderable  way  towards 
eftabhfliing  the  theory  of  Dr.  Wells  as  an 
adequate  folution  of  the  queflion  refpefting 
flngle  vifion  ;  but  we  have  every  reafon  to 
fuppofe  the  fadl  is  otherwife;  circumftances 
will    be    mentioned    in    the   fequel    which 
tend  to  prove  that  the  fenfation  is  united; 
and   we    know  that   the    young   gentleman 
couched   by   Mr.    Chefelden,    on    firft  re- 
ceiving his  fight,  faw  objeds  fingle,  though 
he  thought  all  things  touched  his  eyes,  and 
therefore  could  not  fee  them  in  any  diredion 
from  the  eye. 

But  of  vifible  diredion  we  may  fpeak 
with  more  certainty ;  this  being  a  modifi- 
cation of  diftance  from  the  eye,  and  neceffa- 
rily  implying  it :  but  it  is  generally  allowed 
that  fuch  diflance  or  the  third  dimenfion  is  no 
dired  original  perception  by  fight,  and  con- 
H  4  fequently 


fequently  the  notion  of  diredlion  from  iht 
eye  muft  alfo  be  acquired.  There  is,  how- 
ever, a  paffage  in  the  Effay  on  Single  Vi- 
iion  which  feems  to  imply,  that  the  wri- 
ter admits  diftance  in  the  abfl:ra<3:  to  be 
an  original  perception  by  %ht,  conceiving 
the  meafure  or  quantity  of  fuch  diftance 
only,  as  not  perceivable.  The  paffage  is 
this:  *'  If  diftance  be  not  immediately  per- 
'*  ceivable  by  fight,  the  only  manner  in 
*'  which  an  original  property  of  the  eye 
*'  can  affe6t  the  vifible  places  of  bodies  is 
**  by  occafioning  them  to  appear  in  certain 
**  directions*,  &c.'*  This  evidently  im- 
plies that  vifible  diredion,  which  is  a  modi- 
fication of  diftance,  is  the  confequence  of 
fome  original  property.  But  this  is  contrary 
to  the  general  opinion  of  writers  on  this  fub- 
jed,  who  hold  that  the  third  dimenfion  can- 
not be  an  original  objeft  of  fight ;  fince  the 
projeftion  of  the  whole  optic  axis  is  merely 

*  E^sAt  on  Single  Villon,  p.  ay. 
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a  fingle  point,  and  the  notion  of  externality 
and  remotenefs  is  the  refult  of  experience, 
stnd  acquired  by  degrees* 

In  the  laft  Sedlion  we  imagined  a  being 
to  have  been  kept  from  his  birth  in  fuch  a 
fituaticn  as  to  have  no  opportunity  of  com- 
bining tangible  notions  with  his  vifible  per- 
ceptions. Such  a  being  as  is  there  fuppofed 
would  have  no  conception  of  eyes  as  the 
organs  of  vifion,  or  as  having  any  relatioa 
of  diredlion  in  refped:  to  vifible  objeds. 
He  would  have  no  notion  of  the  remote- 
nefs or  externality  of  the  objefts  he  faw, 
but  every  thing  would  appear  as  within 
himfelf,  and  the  whole  fet  of  objedts  would 
appear  as  figures  varioufly  coloured  on  a 
plane  furface. 

Original  vifible  place  neither  includes 
diftance  in  a  line  from  the  eye,  nor  direc- 
tion from  THE  EYE;  but  is  thc  relative 
portion  of  the  objeft  on  a  plane,  in  refped: 

to 


to  other  vifible  objeds,  and  is  to  be  etti- 
tnated  by  its  diftance  and  diredion,  not 
from  the  eye,  but  from  fome  other  objedl  in 
the  fame  plane. 

Every  perfon  acquainted  with  optics 
and  the  nature  of  viiion  knows,  that  what 
is  generally  comprehended  under  the  term 
feeing,  is  a  complex  operation  ;  an  art  ac- 
quired by  degrees,  in  which  judgment  and 
imagination  are  concerned  together  with 
iimple  perception.  It  has  already  been 
Ihewn,  that  the  objeds  which  we  adually 
fee  are  only  the  projedlions  on  the  retinae. 
The  laws  of  projeftion  of  folid  figures  on 
a  plane  furface  have  been  accurately  invef- 
tigated,  and  conilitute  the  fcience  of  per- 
fpecflive  ;  and  the  art  of  feeing  may  be  con- 
iidered  as  a  fort  of  anti-perfpedive,  or  the 
re-projed:ion  or  throwing  out  of  points 
and  lines  from  a  plane  into  diftance  and  fo- 
lid ity  ;  an  art  which  we  begin  to  pradlife 
from   the   earheft  infancy,    and  whofe   firft 

im- 
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imperfect  beginnings  are  beyond  the  utmoft 
reach  of  memory. 

The  projeftion  of  each  optic  axis  is  a 
point  on  each  retina,  on  or  nearly  on  its 
centre,  and  if  thefe  points  are,  as  I  fuppofe, 
united  in  the  mind  by  fome  original  law  of 
our  conftitution,  forming  only  one  percep- 
tible point,  the  re-projecftion,  as  mentioned 
above,  mull  in  that  cafe  be  one  line.  '  And 
iince  this  re-projedtion  is  not  a  diredl  ope- 
ration of  light,  but  of  fome  other  faculty, 
that  is,  as  direction  from  the  eye  is  only 
adjudged,  and  not  feen,  it  appears  to  me, 
that  to  fay  the  optic  axes  appear  united  in 
the  common  axis,  is  only  another  mode  of 
expreffing  the  apparent  union  of  the  objects, 
or  of  the  central  points  of  the  retinae  :  in  one 
cafe,  we  confider  the  fingle  appearance  as 
the  confequence  of  the  two  objedls  occupy- 
ing precifely  the  fame  place  on  the  v'ljibk 
plane  i  in  the  other  cafe,  we  confider  the 
objects  as  thrown  out  into  diftance  from 
the  eye  j  and  then  we   conceive  the  two  as 
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appearing  in  the  fame  diredion ;  and  even 
if  we  fliould  take  up  the  matter  in  the 
latter  form,  there  would  ftill  arife  this 
queftion.  Why  do  the  two  optic  axes  ap- 
pear united  throughout  their  whole  length  ? 
which  is  only  another  mode  of  ftating  the 
queftion,  Why  do  objecfls  appear  fingle  as 
feen  by  both  eyes  ?  But  if  we  Ihould  con- 
sider the  two  circumftanccs,  united  appear  * 
ance  and  feeming  diredfion,  as  being  one  de- 
rived from  the  other,  I  conceive  it  to  be 
moft  conliftent  with  the  rules  of  found  phi- 
lofopliy,  to  confider  the  latter  as  the  confe- 
quence  of  the  former,  the  firft  being  an  ac- 
tual matter  of  fight  and  the  other  an  acquired 
motion,  which  is  properly  to  be  referred  to 
fome  faculty  diftincS  from  fimple  vifion; 
and  I  apprehend  that  every  propofed  folu- 
tion  of  this  celebrated  queftion,  which  de- 
rives the  fingle  appearance  from  circum- 
ftanccs which  imply  externality  and  remote- 
nefs  in  the  objects  of  fight,  muft  be  erro- 
neous and  unfounded. 

.  I  PRO- 
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I  PROCEED  to  make  feme  obfervation'S 
on  Dr.  Wells's  propofitions  refpeding  vifi^ 
ble  dirediion ;  and  I  think  it  will  be  found, 
on  examination,  that  it  is  only  from  the 
mode  of  expreffion  that  this  theory  is  con- 
ceived to  differ  from  that  of  former  optical 
writers.  I  fliall  adopt  the  terms  and  defini^ 
lions  laid  down  by  Dr.  Wells,  adding  to  the 
former  the  term  optic  plane  for  that  which 
paffes  through  each  optic  axis  perpendicular 
to  the  plane  in  which  the  optic  axes  and 
common  axis  lie. 

Every  one  knows  that  direftion  is  a  re- 
lative term,  and  that  the  fame  objed:  may 
have  various  directions  as  eftimated  from 
different  points  ;  the  diredion  of  one  point 
may  alfo  be  relative  or  abfolute  wdth  refpedl 
to  fome  other  point,  and  either  of  thefe  may 
vary  while  the  other  remains  fixed.  When 
we  fpeak  of  the  dired:ion  of  an  object  from 
ourfelves,  or  from  the  eye,  we  m*ufl  confider 
the  eye  as    a  point,   and,  conceiving  fom.c 

'  other 
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Other  point  at  a  diftance,  to  which  a  right 
line  may  be  drawn  from  the  former,  all  ob-, 
jecSs  in  this  line,  or  every  point  in  it,  will 
have  the  fame  direction  from  the  eye. 

In  eftimating  vifible  direction  we  gene- 
rally have  refped:  to  the  optic  axis ;  we  con- 
Jider  that  point  which  we  fee  moft  dif- 
tind:ly,  or  to  which  we  immediately  diredt.. 
our  fight,  as  being  direftly  before  us,  and 
it  is  with  refped:  to  this  point  that  we  efti- 
mate  the  diredion  of  others,  as  lying  to  the 
right,  or  to  the  left,  above,  or  below,  &c. 
Suppofe  three  fpots  upon  a  wall  at  the  dif- 
ftance  of  a  foot  from  each  other ;  when  we 
look  dired:  at  the  middle  fpot,  we  conceive 
the  others  to  be,  one  on  the  right,  and  the 
other  on  the  left  of  the  eye ;  when  we  look 
dired  on  the  left  fpot,  we  confider  the  other 
two  as  on  the  right  of  the  eye ;  and  when 
we  look  at  the  right  fpot,  the  other  two 
appear  to  be  on  the  left  of  the  eye  :  but  the 
abfolute  diredion  of  each  fpot  from  either 

eye 
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eye  remains  the  fame  in  every  circum- 
ftance.  In  fhort,  the  centre  of  the  field  of 
vifion  is  the  point  with  refpeCl  to  which  we 
eftimate  vifible  diredtion;  a  point  which,  in 
all  the  variety  of  abfolute  direction,  preferves 
always  the  fame  relative  direction  from  the 
eye  or  eyes.  But  we  may  here  remark,  that 
we  have  no  perception  of  our  own  eyes  as 
the  organs  of  vifion ;  nor  have  we  originally 
from  nature  even  a  confcioufnefs  that  we 
fee  with  double  organs;  it  is  impoffible  that 
our  eyes  can  become  objedls  of  fight  to  our- 
felves ;  and  in  eftimating  vifible  diredlion, 
their  fituation  is  only  a  matter  conceived  in 
the  mind. 

Let  ABC  D  fig.  i,  reprefent  an  eye, 
and  let  C  be  that  point  on  the  retina  where 
the  projedions  are  moil  diftinftly  formed; 
and  let  P  be  any  diftant  point  whofe  pro- 
jection on  the  retina  would  be  on  the  point 
C  and  join  C  P;  then  will  C  P  be  the  optic 
axis,    agreeable   to    the   definition    of    Dr. 

V/ells  ; 
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¥/eils;  in  v/hich,  I  apprehend,  Dr.  Reid 
or  Dr.  Smith  would  concur.  Whether 
this  point  C  be"  or  not  the  precife  geome- 
trical centre  of  the  retina,  or  whether  the 
line  C  P  does  or  does  not  pafs  with  jftridl 
accuracy  through  the  centre  of  the  eye,  are 
circumftances  which  will  not  afFed: ,  the 
queftion  we  are  confidering. 

Let  O  be  fome  luminous  point  in  the 
optic  axis  or  line  C  P,  from  which  a  pencil 
of  rays  is  fuppofed  to  iffue  covering  the 
pupil  ED,  and  which  we  know  will  be 
coUefted  on  the  fame  point  C  *.  Now, 
what  Dr.  Smith  and  Dr.  Reid  have  faid  re- 
fpedling  vifible  diredlion  is  this  :  that  the 
point  O  will  not  appear  either  in  the  direc- 
tion of  the  ray  C  E  or  of  the  ray  CD,  or 
of  any  intermediate  ray  between  thefe  and 
the  ray  CO;  but  that  it  will  appear  in  the 

*  The  point  O  is  fuppofed  to  be  at  fome  diflance  from 
the  eye ;  if  it  were  near,  the  point  C  would  lie  beyond  the 
retina,  but  ftill  in  the  optic  axis  produced. 

direction 
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diredion  of  this  central  ray  CP  or  CO, 
which  Dr.  Smith  calls  the  vifual  ray,  and 
which  in  this  cafe  is  the  optic  axis ;  and 
this,  I  fuppofe,  no  one  will  deny;  for,  what 
is  the  circumftance  which  conftitutes  the 
being  feen  in  this  diredlion  ?  It  is  the  vi- 
fible  coincidence  of  the  points  O  and  P  : 
the  line  C  P  is  the  optic  axis ;  and  if  the 
point  O  did  not  appear  in  the  diredlion  of 
this  line,  it  could  not  be  feen  to  coincide 
with  the  point  P,  but  muft  fubtend  fome 
angle  with  it  at  the  eye ;  and  it  is  of  no 
confequence  in  what  part  of  the  line  CP 
we  take  the  point  P,  whether  at  the  fup- 
pofed  concurrence  of  the  two  axes,  or  on 
either  fide  of  that  point;  it  will  ever  be  in 
the  optic  axis,  and  the  projed:ion  of  every 
point  in  this  line  will  be  on  the  fame  point 
C  of  the  retina,  and  every  other  point  which 
is  feen  to  coincide  with  the  point  P  muft 
appear  to  be  in  the  optic  axis.  To  this 
ftatement  of  Dr.  Smith's  theory  of  vifible 
I  dmO^ion 
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diredion   I   conceive  no  objedion  can   be 
made*. 

Let  us  next  examine  the  leading  propo- 
fition  of  Dr:  Wells,  **  that  objeds  fituated 
**  in  the  optic  axis  do  not  appear  to  be  in 
*'  that  line,  but  in  the  common  axis."'  And 
it  appears  from  what  is  faid  on  this  fubjedt, 
that  the  author  confiders  this  law  of  vifiblc 
direction  as  afFedting  each  eye  feparately 
and  independent  of  the  other;  and  to  hold 
equally,  whether  the  object  is  feen  by  one 
eye  at  a  time  or  by  both. 

This  propofition  certainly  appears  to  be 
direcftly  contradictory  to  what  we  have  been 
confidering  above ;  let  us  then  try  if  we 
can  find  any  means  to  reconcile  them  'f. 

Ih 

*  I  HAVE  only  confidered  here  the  optie  axis;  but  it  is  ob- 
vious that  the  fame  reafoning  mufl  apply  to  the  central  ray 
of  any  other  pencil  of  rays,  the  projection  of  every  point  of 
which  will  be  on  the  fame  point  of  the  retina. 

f  The  lines  which  Dr.  Wells  calls  the  optic  axes  are  not 
ftridly  fo ;  for  the  real  optic  axes  are  only  apparent  points ; 

but 
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In  fig.  2,  let  the  two  eyes  be  reprefented 
at  A  and  at  B,  and  let  the  axes  interfecSing 
each  other  at  the  point  P  be  determined  as 
before ;  join  D  D  the  centre  of  the  corneas, 
and  from  P  draw  the  line  P  M  to  the  mid- 
dle of  the  line  DD  ;  then  will  P  M  be 
what  Dr.  Wells  calls  the  common  axis. 
Now,  we  know  that  the  whole  of  the  lines 
AP  and  BP,  or  that  every  point  in  them,  will 
be  projected  on  the  refpedive  retinae  at  the 
fame  point  C  *,  and  confequently  cannot  ap- 
pear as  lines,  but  will  form  only  vifible  points ; 
whereas  the  common  axis  PM  will  be  pro- 
jedled  as  a  line  on  each  retina,  and  will  there- 
fore be  to  each  eye  a  vifible  line.    To  fpeak 


but  a  line  drawn  from  the  paint  of  interfedion  of  the  axes, 
in  what  I  have  called  the  optic  plane,  though  fomewhat 
above  or  below,  may  be  taken  for  fuch,  without  affedling 
the  conclulions ;  and  I  fhall  take  the  fame  liberty  of  calling 
fuch  lines  the  optic  axes. 

*  Here  again  I  obferve,  that  the  points  of  the  axis  near 
to  the  eye  are  not  accurately  projected  on  the  point  C,  but 
on  a  point  lying  beyond  the  retina  in  the  axis  produced;  but 
this  circumftance  does  not  any  way  afFed  the  reafoning  here 
ufed. 

I  %  ftridly, 
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flridly,  then,  if  an  objed  fituated  in  the  real 
optic  axis  does  not  appear  to  be  in  it,  but 
to  be  in  the  common  axis,  fuch  objed  muft 
appear  to  be  where  the  common  axis  appears' 
to  be  ;  but  if  we  lliould  take  the  propofition 
in  this  fenfe  it  will  not  hold  to  be  true.  Or, 
again,  we  may  fay,  that  if  an  objed:  or  a 
point  does  not  appear  to  be  in  the  optic 
axis,  fuch  objedt  or  point  cannot  appear  to 
coincide  with  the  point  P,  which  is  avow- 
edly in  fuch  axis,  and  then  again  the  pro- 
pofition will  not  hold. 

The  truth  then  I  conceive  to  be  this  s 
it  is  not  that  a  point  fituated  in  the  optic 
axis  appears  to  be  out  of  fuch  axis  ;  but  it 
is  the  optic  axis  itfelf  which  we  conceive 
as  lying  in  the  diredlion  P  M ;  and  the  pro- 
pofition might,  I  think,  have  been  better 
expreffed  by  faying,  that  the  two  optic  axes 
appear  united  in  the  line  P  M  ;  for  in  the 
experiments  mentioned  by  Dr.  Wells  with 
different-coloured  ftrings,  it  is  certainly  the 

line 
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line  C  P,  or  the  optic  axis,  which  we  fee, 
notwithftanding  it  feems  to  us  to  be  fituated 
in  the  Hne  M  P ;  and,  again,  that  is  really 
the  middle  line  M  P  which  we  conceive  to 
be  in  the  fituation  C  P ;  and  that  line  which 
we  are  apt  to  conceive  of,  as  being  one  of  the 
optic  axes,  fay  the  right,  is  in  truth  a  line 
which  has  no  refped:  whatever  to  the  right- 
eye,  but  is  the  common  axis  or  line  MP  as 
feen  by  the  left  eye*. 

It  would,  perhaps,  tend  to  render  my 
meaning  clearer  if  we  confider  one  eye  only  ; 
and  if  it  fliould  be  faid,  that  objed:s  fitu- 
ated in  the  axis  of  this  eye  do  not  appear 
to  be  in  it,  I  would  afl^,  In  what  hne  do 
they  appear  to  be?  or,  If  that  is  not  the 
optic  axis  which  we  fee,  notwithftanding 
we  conceive  it  to  be  in  the  fituation  M  P, 
which  is  the  optic  axis  as  feen  by  this  one 
eye  ?  and  we  certainly  fhall  find,  that  there  is 
no  other  line,   that  we  can  conceive  as  fccn 

*  See  the  2d  propofition  in  the  EUay  on  Single  Vifion, 
^c.  page  ^6. 

I  3  by 
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by  this  eye,  which  can  have  the  charade- 
riftic  property  of  the  optic  axis,  which  is, 
that  every  point  of  it  fhall  be  projected  on 
the  fame  point  C  of  the  retina. 

The  difference  then  between  the  two  the- 
ories appears  to  me  to  lie  in  an  ambiguity, 
the  one  fpeaking  of  an  external  line,  the 
other,  of  a  conceived  or  apparent  line.  But 
I  repeat  what  I  have  faid  before,  that  no 
'point  can  properly  be  faid  to  appear  out  of 
the  axis  which  is  feen  to  coincide  with  the 
point  P,  which  is  confeiTedly  in  the  axis ; 
and  the  two  theories  may,  I  think,  be  re- 
conciled, if,  inftead  of  confidering  points 
fituated  in  the  axis  as  appearing  out  of  it, 
we  conceive  the  whole  axis  itfelf  as  having 
a  certain  apparent  fituation.  However,  I  lay 
no  great  ftrefs  on  this ;  for  the  circumftance 
of  fingle  vifion  is,  as  I  conceive,  perfedtly 
independent  of  one  or  other  of  thefe  theories, 
oj:,  indeed,  pf  ^ny  law  of  vifible  diredtipn 
whatever, 

3  And 
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And  what,  after  all,  is  this  apparent  co- 
incidence of  the  optic  axes,  but  one  inftance 
of  the  united  appearance  of  objeds  f     And 
as  fuch,  how  can  it  afford  an  adequate  folu- 
tion  of  the  general  queftion  ?     We  may  ftill 
afk.  Why  do  the   optic  axes  appear  united 
throughout  their  whole  length  ?     A  queftion 
which  remains  unfolved  by  any  thing  con- 
tained in  the  Effay  on  Single  Vifion ;  for, 
to  fay,  that  objeds  lituated  in  the  optic  axes 
appear  in  the  fame  direction  to  each  eye, 
is  only  expreffing  the  apparent  union  in  other 
words.      This   circumftance   has  been  long 
known  to  optical  writers,  as  is  evident  from 
the'  conftrudion  of  the  binocular  telefcope ; 
and  when  we  coniider  that   the  optic  axes 
are  only  apparent  points,  and  coniider  fur- 
ther that  the  notion  of  diredion  from  the 
eye,  or  the  habit  of  throwing  points   and 
lines   out  into  diftance  and  folidity,  is  ac- 
quired  by  degrees,  it  would  fureJy  be  more 
reafonable  to   derive  the  apparent  diredion 
from  the  union  of  the  points,  than  to  confider 
the  latter  as  the  confequence  of  the  former. 

I  4  SECTION 
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SECTION    V. 

Experiments  inconftjlent  with  the  T'heory  of 
Dr,  Wells, — An  Attempt  to  explain  fome 
Principles  which  influence  the  Notion  of 
vijible  Dirediion, — Recapitulation, 


A  HE  apparent  union  of  the  optic  axes, 
when  the  eyes  are  ufed  conjointly,  does,  I 
believe,  in  a  found  ftate  of  the  organs,  ex- 
tend to  all  cafes  whatever.  But  I  fhall  pro- 
duce fome  experiments  which  prove  that 
thefe  axes,  as  feen  feparately  by  each  eye, 
refpe<flively,  have  a  different  apparent  di- 
recflion  one  from  the  other,  and  each  from 
that  of  the  united  axes  when  feen  by  both 
eyes  together  j  which  is  direcftly  contrary  to 
the  opinion  of  our  author,  who  maintains, 
that  the  law  of  vifible  diredion  which  he 
1)^5  ftated,  affed:s  each  eye  when  employed 

by 
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by  itfelf,  in  the  fame  manner  as  when  it  is 
ufed  conjointly  with  the  other*;  and  the 
folution  which  this  theory  affords  of  the 
queftion  refpecSing  iingle  vifion  refts  en- 
tirely upon  this  circumftance. 

In  the  third  part  of  his  Effay  Dr.  Wells 
mentions  fome  fad:s  which  are  inconiiftent 
with  his  own  theory,  but  which  might  rea- 
dily have  been  accounted  for,  or  even  pre- 
dicted, from  the  theory  of  an  original  cor- 
refpondence  between  the  points  on  the  re- 
tinae where  the  optic  axes  terminate.  But 
this  writer,  in  order  to  account  for  thefe 
appearances,  has  framed  an  hypothefis, 
ivhich,  though  ingenioufly  adapted  to  the 
intended  purpofe,  has  not,  as  I  conceive, 
a  foundation  in  the  nature  of  things ;  and 
in  fubjecSs  of  philofophical  fpeculation  we 
muft  not  reft  fatisfied  with  ingenious  hypo- 
thefcs. 


*  Essay  on  Single  Vifion,  p.  42.  45. 

When 
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When  the  Author,  by  looking  fteadily 
for  fome  time  at  a  luminous  body,  had  ac- 
quired the  fenfation  of  a  fpot  appearing  upon 
the  face  of  any  objed:  to  which  he  dired:ed 
his  eyes,  he  acknowledges  to  have  expefted, 
that  by  forcibly  altering  the  pofition  of  one 
eye,  the  fpot  would  have  appeared  double, 
in  confequence  of  a  variation  in  the  direction 
of  the  optic  axis  of  the  diilorted  eye;  con- 
trary, however,  to  this  expedation,  the 
fpot  neither  appeared  to  be  double,  nor  to 
have  altered  its  fituation  :  but  as  the  ap- 
parent fituation  of  the  fpot  may  be  changed 
by  certain  voluntary  motions  of  the  eyes, 
this  Writer  concluded,  that  apparent  direc- 
tion is  dependent  on  the  ftate  of  ad:ion  ex- 
ifting  in  the  mufcles  which  move  them. 

On  this  I  obferve,  that  the  fingle  appear- 
ance of  the  fpot  would  follow,  as  a  neceflary 
confequence  of  an  original  correfpondence 
between  the  points  on  the  retina  where  the 
optic  axes  terminate  j  for  the  forcible  diftor- 

tion 
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tion  of  the  eye  could  not  be  fiippofed  to  af- 
fedl  fuch  an  original  property.  The  fpot  is  a 
fenfation  or  durable  impreffion  on  a  certain 
part  of  the  retina  caufed  by  a  ftrong  light ; 
and  while  the  various  objedls  projedied  on 
the  retina  change  their  poiitions,  in  refped: 
to  its  centre,  in  confequence  of  the  forced 
diftortion,  it  is  evident,  that  the  affecSion  of 
the  central  part,  caufed  by  the  ftrong  fenfa- 
tion of  light,  muft  remain  as  before  the  pref- 
fure  of  the  eye,  and  the  fpot  muft  therefore 
appear  united  with  that  ftcn  by  the  other 
eye,  wherever  it  may  appear-  to  be;  and 
the  double  appearance  of  other  objedts  rea- 
dily follows  from  the  fame  fource ;  for  thofe 
objedis  are,  by  the  preflure  of  the  eye,  pro- 
truded from  thofe  limilar  points,  which  they 
before  occupied  on  the  retina,  and  on  which 
their  fingle  appearance  depends ;  while  the 
objeds  whofe  projections  now  occupy  thefe 
points  will  appear  to  be  united  with  the  for' 
mer  objeds  as  feen  by  the  other  eye. 

I   ?R0- 
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I  PROCEED  to  ftate  feme  fimple  and  plain 
experiments  that  are  not  to  be  reconciled 
with  the  theory  of  vifible  diredlion  which 
we  have  been  confidering. 


EXPERIMENT    I. 

•After  looking  fteadily  for  a  little  time 
at  any  objed;,  for  inftance,  a  lighted  can- 
dle, at  the  diftance  of  three  or  four  ftct^  let 
the  eyes  be  clofed  alternately,  the  objedt 
being  feen  by  only  one  at  a  time,  and  it 
will  appear  to  have  a  motion  from  fide  to 
fide,  feeming  to  move  to  the  right  when 
feen  by  the  left  eye,  and  to  the  left  when 
the  right  is  ufed;  and  when  feen  by  both 
eyes  at  the  fame  time,  it  will  appear  mid- 
way between  the  two  places  where  it  ap- 
peared to  the  different  eyes  lingly. 

When  I  firft  tried  this  experiment  I 
clofed  my  eyes  alternately  with  my  fingers ; 
but  apprehending  it  pofTible,  that  fome  de^ 

ception 
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ception  might  arife  from  a  motion  commu- 
nicated to  the  eye  by  the  ad;  of  doling  it 
with  the  jfingers,  I  procured  two  elhptic 
pieces  of  card  of  about  two  inches  and.  a 
half  in  length,  and  two  in  breadth;  thefe 
cards  were  blacked,  and  parted  on  two  fmall 
flicks  of  about  eight  inches  in  length  to 
ferve  as  handles.  With  thefe  cards  I  re- 
peated the  experiment,  keeping  both  eyes 
open,  and  continually  direded  to  the  objed:, 
but  alternately  placing  a  card  before  one  and 
withdrawing  it  from  the  other,  w^hen  the  refult 
was  as  before,  and  the  objed:  had  an  obvi- 
ous apparent  motion  from  fide  to  fide.  This 
experiment  I  have  very  frequently  repeated 
with  the  fame  appearance,  and  have  caufed 
various  perfons  who  were  occafionally  with 
me  to  try  the  fame,  and  always  with  the 
fame  refult. 


EXPERI. 
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EXPERIMENT    II, 


Let  a  and  B  jig,  3,  be  the  places  of  the 
eyes,  and  P  the  mutual  interfeftion  of  the 
optic    axes  when   they  are  directed  to  the 
point  P.     Draw  P  M  to  the  middle  of  the 
vifual  bafe.     Let  O  be  any  point  or  objed: 
in   the  right  axis  BP,   and  join  OA  and 
O  M  ;  then  will  P  M  be  the  common  axis, 
or  the  line  in  which  both  axes  appear  to  be 
united  when  the  eyes  are  both*  diredied  to 
the  point  P,  and   O  M  will  be  the  common 
axis  when  the  eyes  are  directed  to  the  point 
O;    and,    agreeable   to   the  theory  of  Dr. 
Wells,  the  apparent  direction  of  the  points 
P  or  O,  when  the  eyes  are  refpedively  di- 
rected to  them,  will  be  the  fame,  whether 
they  are  feen  by  one  eye  iingly,  or  by  both 
at  a  time. 

I  PROVIDED  myfelf  with  a  thin  board 
about  eighteen  inches  fquare,  on  which  I 
palled  white  paper  ;  this  board  was  fixed  on 

a  ftand 
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a  ftand  fimilar  to  a  fire-fcreen.  Through  a 
fmall  hole  made  in  it  I  palled  feveral  diflPe- 
rently-coloured  firings  held  fall  by  a  peg, 
and  on  each  firing  I  put  a  bead  of  a  diffe- 
rent colour.  This  formed  a  very  fimple 
and  convenient  apparatus  for  trying  the  ex- 
periments mentioned  by  Dr.  Wells,  as  well 
as  many  others. 

With  this  apparatus  I  held  one  of  the 
firings  in  the  axis  of  the  right  eye,  or, 
more  flridly  fpeaking,  in  the  right  optic 
plane  fomewhat  below  the  axis,  for  I  held 
it  with  my  teeth  on  the  right  fide  of  my 
mouth.  The  bead,  which  may  be  repre- 
fented  by  the  letter  O  in  the  jig.  I  placed 
about  midway  between  the  eye  and  the  point 
P,  and  held  in  each  hand  one  of  the  cards 
mentioned  in  the  former  experiment.  Now 
I  found,  that  when  the  card  was  held  before 
the  left  eye  fo  as  to  intercept  its  fight,  the 
bead  or  point  O  appeared  to  have  precifely 
the  fame  diredion,  whether  my  eyes  were 

direded 


direded  to  it  or  to  the  point  P.  This  I 
tried  frequently,  alternately  directing  my 
eyes  to  one  and  to  the  other,  without  ob- 
ferving  the  fmalleft  apparent  motion,  or  any 
variation  in  the  diredlion ;  but  as  foon  as  I 
withdrew  the  card  from  before  the  left  eye, 
the  two  being  dired:ed  to  the  point  O,  it 
immediately  appeared  to  have  a  direction 
lying  to  the  right  of  the  former;  and  on 
covering  the  right  eye,  this  direftion  became 
ftill  more"  inclined  to  the  right ;  withdraw- 
ing the  card  from  the  right  eye,  and  cover- 
ing the  left,  the  point  O  refumed  its  former 
fituation ;  and  thus  I  tried  it  for  a  number 
of  times  with  the  fame  refult.  When  I  al- 
ternately placed  a  card  before  one  eye,  at 
the  fame  time  withdrawing  that  placed  be- 
fore the  other  eye,  the  apparent  motion  of 
the  bead  became  extremely  obvious. 

There  is,  however,  a  circunnftancjs  which 
might  lead  to  deception  in  this  experiment; 
which  is,  that  when  one  eye  only  is  ufed 

we 
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we  may  fuppofe  the  eyes  to  be  direded  to 
the  point  O,  when  in  fad  they  are  directed 
towards  P,  which  would  render  the  vifible 
circumilances,  on  withdrawing  the  card  from 
the  other  eye,  fomewhat  different;  in  order 
therefore  to  obviate  the  poffibihty  of  being 
thus  deceived,  I  varied  the  experiment  in  the 
following  manner : 


EXPERIMENT    III. 

On  the  fcreen  above-mentioned  I  drew  a 
perpendicular  line,  in  which  I  made  a  mark 
which  we  may  call  P  *,  and  from  an  arm 
fixed  to  the  ftick  of  the  fcreen,  I  hung  a 
plumb-line  at  the  diftance  of  about  eighteen 
inches  from  the  fcreen  ;  on  this  plumb  line  \ 

I  fixed  a  fmall  piece  of  card,  on  which  a 
word  was  written  in  a  fmall  charader. 
This  plumb-line,  being  interpofed  between 
the  eye  and  the  perpendicular  line  drawn  on 

*  In  fig,  3. 

K  >  the 
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the  fcreen,  at  a  nearly  equal  diftance  from 
each,  might  eafily  be  brought  to  lie  in  either 
optic  plane,  by  making  it  appear  to  coincide 
with  the  perpendicular  line  on  the  fcreen,  as 
feen  by  either  eye. 

I  NOW  fituated  myfelf  fo  as  to  caufe  the 
plumb-line  to  lie  in  the  right  optic  plane ; 
and  when  the  eyes  were  really  direfted  to 
the  point  P  in  the  perpendicular,  the  let- 
ters written  on  the  card  appeared  too  con- 
fufed  for  the  word  to  be  legible ;  but  when 
the  eyes  were  really  directed  to  the  card, 
which  in  this  experiment  is  the  fame  as 
the  point  O  in  the  3d  fig.  mentioned  above, 
the  letters  appeared  diftind:,  and  the  word 
was  plainly  legible ;  and  by  thefe  means  I 
avoided  being  liable  to  the  deception  above 
ftated. 

Now,  when  the  blacked  card  intercepted 
the  fight  of  the  left  eye,  the  two  eyes  being 
directed  alternately  to  the  point  P  and  to  the 

card, 
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card,  the  refult  was  precifely  as  before,  no 
motion  or  alteration  of  diredion  appearing, 
whether  the  eyes  were  direcSted  to  one  or 
to  the  other  of  the  objedls  lying  in  the  right 
optic  axis ;  but  as  foon  as  the  card  was  re- 
moved, the  eyes  being  diredled  to  the  bit 
of  card  on  the  plumb-line,  or  the  point  O, 
its  apparent  diredlion  appeared  to  be  moved 
to  the  right.  When  the  cards  were  alter- 
nately ufed,  the  apparent  motion  became  as 
iefore  extremely  obvious.  And  it  is  wor- 
thy of  remark,  that  when  both  eyes  were 
held  direcSted  to  the  perpendicular  line  on  the 
fcreen,  both  it  and  the  plumb-line  appeared 
to  haVe  a  motion  together  from  fide  to  fide, 
though  not  in  equal  degree,  the  plumb-line 
appearing  to  move  through  the  greater  in- 
tervals. 

In  this  apparent  motion  of  the  optic  plane 
there  would  have  been  nothing  extraordi- 
nary had  it  appeared  to  move  on  the  per- 
pendicular line  as  a  centre  when  the  eyes 

K  2  were 
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were  direded  to  this  line;  but  in  this  cafe 
the  centre  of  apparent  motion  lay  more  re- 
mote, and  the  perpendicular  line,  as  well  as 
the  plumb-line,  had  an  apparent  motion 
from  right  to  left,  as  one  or  the  other  eye 
wks  ufed. 

This  experiment  may  be  varied,  by 
making  the  objed:  iii  the  optic  axis,  here 
reprefented  by  O,  a  card  with  a  hole  in  it 
about  half  an  inch  diameter,  and  fixed  at  the 
diftance  of  about  two  feet  and  a  half  from  the 
eye ;  by  looking  at  fome  obje6l  at  a  little 
diHance  through  the  hole,  the  card  may  be 
kept  in  the  optic  axis;  and  wheii  the  eyes 
are  direded  to  it  and  alternately  covered,  the 
apparent  motidti  cannot  be  overlooked. 


:  EXPERIMENT    IV. 

Let  a  and  B  fig.  4,  reprefent  the  eyes, 
and  the  line  A  B  the  Vifual  bafe ;  upon  the 
ppint  M,  equally  diftant  from  each  eye, 
■  '^ "  .  ered: 
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ereft  the  perpendicular  PM,  in  which* take 
the  points  R,  S,  T,  at  any  intervals,  and  join 
A'R,  AS,  AT,  and  AP,:  and;,al(o  BR, 
BS,  BT,  andBPj  thm  will  the  line  PM 
be  the  common .  axis,  ji^hile,  tht  eye^  are  fuc^ 
ceffively  directed  to.  the  points.  R,vSv/ntiijand 
P.  Now,  agreeable  itjc^  ithe.  thwxy^  ,Q:t  :I>r. 
Vv^ells,  the  points  >R,  S>:Tr!fknd  B^ias  .the 
eyes  are  fucceffively  directed  to  them,;  .owght 
to  appear  to  be  in  the  fannie.direc>ioii,r:a5id 
the  axes  confeqiiently  to  be  at  reft,  notwith- 
ftanding  their  real  mot4on  j  and  this  ought 
to  take  place  equally,  w^hether  one  eye  or 
both  be  uie-d  at  a  time,  the  law  of  dii^^^tion, 
agreeable  to  this  Writer,  aftei£ling  ei^eh  eye 
when  ufed  fingly,  the  fame  as  when  both 
are  ufed  conjundrly. 

On  one  of  th,c  ftrings  in  the  apparatus  ^- 
ready  defcribed,  I  placed  feveral  beads  at>in- 
tervals,  and  held  the  firing  in  the  common 
axis  or  line.  PM.  Now,  when  both  eyes 
were  employed,  and  ifucceffiA^ly  direded^  to 
K  3  the 
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the  points  R,  S,  T,  and  P,  each  point  ap- 
peared, agreeable  to  the  theory,  to  lie  in 
the  fame  diredlion ;  namely,  in  that  of  the 
line  FM;  but  when  the  black  card  was 
held  before  the  left  eye,  and  the  two  again 
fucceflively  directed  to  the  points  R,  S,  T, 
they  appeared  each  in  a  different  direction, 
and  the  right  optic  axis  had  an  apparent 
motion  correfponding  with  its  real  motion 
from  left  to  right. 


FROM  thefe  experiments  the  following 
confequences  obvioufly  refult : 

First,  That  an  objed:,  though  fituated 
at  the  concurrence  of  the  optic  axes,  and 
confequently  appearing  fingle,  has  a  diffe- 
rent apparent  direction  as  feen  by  either  eye 
feparately,  or  by  both  eyes  conjointly;  and 
therefore  the  fingle  appearance  of  objedls  in 
a  certain  pofition  of  the  eyes,  cannot  be  the 

con- 
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confequence  of  a  law  of  vifible  direftion 
affeding  each  eye  fingly  in  the  fame  mannes 
as  when  the  two  are  ufed  in  conjunction. 
But,  on  the  contrary,  fince  the  apparent 
union  of  objefts  projedled  on  certain  parts 
of  the  retinas,  when  feen  by  both  eyes,  is  a 
well-know^n  and  eftabhihed  faft;  and  fince 
an  objedl  thus  feen  fingle  has  a  certain  ap- 
parent dired:ion,  lying  midway  between  the 
two  feeming  diredlions,  which  the  fame  ob- 
jed:  has,  when  feen  feparately;  it  is  furely 
reafonable  to  conlider  this  intermediate  di- 
reiftion  as  being  compounded  of  the  other 
two;  and  as  the  natural  refult  of  the  united 
appearance. 

Secondly,  Different  points  in  the  fame 
optic  axis  to  which  both  eyes  are  alternately 
direcSed,  do  not,  when  one  eye  is  covered, 
and  they  are  feen  only  by  that  eye  in  whofe 
axis  the  points  lie,  appear  to  have  a  different 
diredion.  And  fince  there  is,  as  avowxd 
by  Dr.  Wells,  a  difference  in  the  ftate  of 
K  4  aflioQ 
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adion  in  the  mufcles  of  the  eye  which  al- 
ternately looks  at  the  objedls  or  points,  it 
follows,  that  apparent  direction  is  not  de- 
Jrendent  on  fuch  frate  of  action  in  the  muf- 
cles ;  for,  in  this  cafe,  the  dire<3;ion  remains 
the  fame,  while  the  ftate  of  adion  changes. 
But  as  the  apparent  diredion  alters  when 
the  objedl  becomes  vilible  to  the  other  eye, 
without  any  change  taking  place  in  the  ftate 
of  adlion  in  its  mufcles,  we  muft  fearch 
for  the  caufe  of  this  feeming  change  of  di- 
f^ftion,  in  fomc  'li'ijid/e  cirvumjiance  affecS- 
ihg  that  eye  by  which  the  point  or  obje^ 
i-s  lafl:  feen. 

Without  pretending  to  bring  forward 
a  perfed:  theory,  which  may  account  for  all 
the  phenomena  of  the  feeming  diredion  of 
vifible  objeds,  I  Ihall  point  out  fome  of  the 
circumilances  by  which  I  conceive  it  to  be 
influenced. 

The 
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The  firfl:  obfervation  1  have  to  make  is, 
that,  affuming  as  a  fad:,  the  exiftence  of 
fome  original  property  in  the  fimilar  points 
of  the  retinae,  in  confequence  of  which  obr 
jecfts  projected  on  thefe  points  appear  to  be 
united,  we  may  from  hence  deduce  the  di- 
reClion  of  the  apparently-united  optic  axes 
as  lying  in  the  common  axis ;  for,  the  prO'-. 
jedtion  on  the  right  eye  of  that  line  which 
we  have  all  along  called  the  optic  axis*, 
will  be  a  vertical  line  pafling.  through  the 
centrje  of  the  retina  -f* ;  and  the  projediion  of 
the  left  optic  axis  on  the  right  eye  will  be 
a  line  extending  to  the  right  of  the  centre, 
and  making  a  certain  angle  with  the  former* 
Again,  in  the  left  eye,  the  projedlion  of  its 
axis  will  alfo  be  a  vertical  line  pafling 
through  its  centre,  and  the  right  axis  will 


^  It  has  already  been  obferved  that  thefe  lines  are  not 
ftridiy  the  optic  axes. 

f  I  muft  beg  leave  to  remind  the  reader  of  what  I  have 
already  faid  refpeding  geometrical  precifion  in  fpeaking  of 
that  point  which  we  call  the  centre  of  the  retina. 

be 
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be  projefted  on  this  eye  in  a  line  extending 
to  the  left  of  the  centre,  making  an  angle 
with  the  projed:ion  of  the  axis  precifely 
fimilar  to  that  in  the  other  eye. 

Now  when,  in  confcquence  of  the  above 
law,  the  two  vertical  lines  or  optic  axes 
appear  united,  it  is  obvious  that  this  united 
-line  muft  appear  to  make  equal  angles  with 
the  left  axis  on  one  lide,  feen  by  the  right  eye, 
and  with  the  right  axis  on  the  other  fide  feen 
by  the  left  eye.  So  far  we  are  clear ;  but 
any  attempt  to  explain  all  the  various  phe- 
nomena of  feeming  diredlion  from  the  laws 
of  projedion,  muft  prove  fruitlefs ;  let  us, 
then,  have  recoiirfe  to  other  confiderations. 

In  what  follows,  I  fhall  call  the  whole  col- 
ledion  of  vifible  objedls  feen  at  one  glance, 
or  while  the  optic  axes  remain  in  one  pofi^ 
tion,  the  field  of  vifion;  and  this,  whether 
qpe  eye  only  is  ufed  at  a  time,  or  the  two 
conjointly.     This  field  of  vifion  originally, 

and 
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and  previous  to  all  experience  and  exercife 
of  the  judgment,  is  a  vilible  fur  face  diffe- 
rently coloured  ;  and  it  is  obvious,  that 
the  point  of  concurrence  of  the  optic  axes 
will  be  the  centre  of  this  field,  in  refpeft  to 
which  we  eftimate  the  direction  of  any  other 
point  as  lying  to  the  right  or  left,  or  above 
or  below,  &c.  Or,  conceiving  this  vifible 
furface  as  thrown  out  into  diftance  and  fo- 
lidity,  we  may  confider  the  field  of  vifion 
to  be  divided  into  a  right  and  a  left  half  by 
a  vertical  plane,  which  dividing  plane  muft 
evidently  appear  or  be  confidered  only  as  a 
perpendicular  line.  When  the  two  eyes  are 
ufed  conjointly,  this  dividing  plane  will  be 
the  two  optic  planes  appearing  united ; 
when  one  eye  only  is  ufed,  the  vertical  plane 
dividing  the  field  of  vifion  into  two  equal 
parts,  will  be  the  optic  plane  of  that  eye 
which  is  ufed. 

We  may  obferve,  and  the  obfervation  is 
of  more  confequence  than  may  at  firft  ap- 
pear. 
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pear,  that  there  is  no  original  feeling  or  im- 
mediate confcioufn^iTs  in  the  mind,  by  which 
it  knows  whether  it  fees  with  one  or  the 
other  eye.  We  may,  from  experience  and 
a  comparifon  of  circumftances,  be  able  to 
determine  this,  but  not  by  any  original  fen- 
fation  ;  and,  indeed,  there  are  many  who 
would  fcarcely  be  able  to  pronounce  whether 
they  faw  with  one  or  with  both  eyes:  and 
I  was  acquainted  with  a  moft  refpeftable 
and  well-informed  perfon,  who  declared  that 
one  gf  her  eyes  had  been  deprived  of  its  fight 
fome  months  before  flie  difcovered  her  lofs. 
But  fince  the  vilible  circumfcances  attending 
the  fame  objedt  are  different  as  feen  by  one 
or  by  the  other  eye,  the  judgment  muft  gf 
courfe  be  under  the  influence  of  fuch  cir- 
tumftances. 

Suppose  a  cube  to  be  placed  in  fuch  a 
lituation,  that  one  of  its  fides,  fay  the  left, 
fhoidd  lie  precifely  in  the  right  optic  plane, 
it  would  follow,  that  if  the  right  eye:  only 

were 


[  HI   ] 

were  ufed,  this  left  fide  could  not  be  feen, 
two  fides  only  of  the  cube  would  be  vifible, 
either  the  upper  or  the  lower,  and  that  one 
fronting  the  eye ;  but  if  the  objed:  were 
viewed  at  the  fame  time  by  the  left  eye,  the 
left  fide  of  the  cube  would  become  vifible. 

We  may  fuppofe  another  cube  fimilarly 
placed  in  the  axis  of  the  left  eye,  and  the 
circumftances  would  be  the  fame. 

Hence  it  appears,  that  when  the  two 
^yes  "are  ufed,  the  field  of  vifion  ccnfifis  of 
6bje(5ls  of  which  fome  are  ken  with  both 
eyes^  and  others  are  feen  only  by  one  eyej 
and  from  this  circumftance  there  arifes, 
a  feeming  increafe  of  vifible  fpace,  when 
the  optic  axes  crofs  each  other.  And 
hence  alfo,  it  is  obvious,  that  the  field  of 
vifion,  as  feen  by  each  eye  feparately,  will 
be  different;  for,  when  the  right  eye  only 
is  ufed,  the  field  of  vifion  mull  tend  to  tht; 
left,  and  when  the  left  eye  is  ufed,  it  muft; 
2  for 
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for  the  fame  reafon,  incline  to  the  right; 
and,  therefore,  when  the  two  eyes  are  ufed 
conjointly  with  the  axes  inclined  to  each 
other,  the  field  of  vifion  rnuft  be  increafed, 
being  extended  to  the  left  by  the  right  eye, 
and  to  the  right  by  the  left  eye ;  and  dif- 
ferent fields  of  vifion  muft  require  different 
planes  of  partition. 

A  FIGURE  will  affift  our  conceptions  of 
this  matter. 

Let  AP  and  BP,  7%*.  5,  be  the  optic 
axes  croffing  each  other  in  the  point  P,  the 
eyes  being  fuppofed  at  A  and  B,  and  let 
P  M  be  the  common  axis  determined  as  in 
the  former  figures,  bifedling  the  angle  APB. 
Then  if  the  line  C  D  is  drawn  perpendicular 
to  the  axis  AP,  it  is  evident,  that  no  point 
lying  behind  this  line,  or  on  the  fide  oppo- 
fite  to  that  on  which  the  axis  lies,  can  pof- 
fibly  be  projefted  on  the  eye  at  A.  There- 
fore,   this  line   CD  may  be  confidered  as 

limiting 
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limiting  the  field  of  vifion  of  the  eye  at  A, 
while  the  axis  is  direded  to  the  point  P: 
in  the  fame  manner,  the  line  E  F  will  limit 
the  field  of  vifion  of  the  right  eye  at  B, 
and  the  point  of  interfedion  of  thefe  lines 
will,  in  this  cafe,  be  in  the  common  axis 
PM.  Now  it  is  evident,  that  the  angle 
C  M  E  or  F  M  D  made  by  the  interfedion 
of  the  limiting  lines,  is  equal  to  the  angle 
APB,  the  inclination  of  the  axes;  and  by 
drawing  L  G  perpendicular  to  F  M  and  bi- 
fedting  the  angle§  CME  and  FMD,  it 
appears  that  when  the  two  eyes  are  ufed  the 
me^fure  of  the  whole  range  or  field  of  vifion 
will  be  increafed  by  the  angles  L  M  E  and 
D  M  G,  equal  together  to  the  inclination  of 
the  two  optic  axes. 

When  the  right  eye  is  ufed  alone,  the 
plane  dividing  the  field  of  vifion  will  lie  in 
line  B  P,  and  will  be  the  right  optic  plane ; 
when  the  left  eye  is  ufed  fingly,  the  field 
of  vifion  will  be  divided  by  the  left  optic 

plane 
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plane  paffing  through  the  axis  A  P  ;  but 
when  the  two  eyes  are  ufed  conjointly  each 
optic  axis  becomes  an  objed:  of  fight  to  the 
other  eye  refpe6tively,  thus  interpoling,  as 
it  were,  new  vifible  fpace;  and  the  range 
or  field  of  vifion,  comprehending  the  angu- 
lar fpace  EMD,  muft  be  divided  by  a  plane 
pafling  through  the  line  PM,  which  bi- 
fed:s  that  fpace  or  range,  and  which  will  be 
the  two  optic  planes  apparently  united  and 
paffing  through  this  line  *. 

Hence  we  may  derive  a  reafon  why  an 
objedl  fituated  at  the  concurrence  of  the  op- 


*  It  may  be  necefTary  to  remark  here  that  I  do  not  meaH 
to  advance  the  above  as  a  general  proportion,  that  extends  pre- 
cifely  to  every  poffible  cafe  of  vifion :  the  cafe  here  confi- 
dered  is  that  of  dired  vifion,  or  of  the  general  and  ordinary 
life  of  the  eyes.  And  my  intention  is  only  to  convey  a  notion 
of  the  general  principle  which  influences  the  feeming  direc- 
-'tion  of  an  obje£l  as  feen  by  one  or  the  other  eye,  or  by  both 
together.  ,  In  cafes  of  veiy  obhque  vifion  the  obje£l  to  which 
the  optic  axes  are  direded  is  not  confidered  as  the  centre  of 
•the  field  of  vifion  ;  but  in  general ;  the  ufe  of  the  right  eye 
caufes  an  objed  to  appear  more  to  the  left,  and  the  ufe  of  the 
Jleft  eye  makes  it  tend  to  the  right. 

tic 
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tic  axes  has  an  apparent  motion,  or  appears 
to  have  a  different  place  as  feen  alternately 
by  the  one  or  the  other  eye  fingly ;  for  the 
field  of  vifion  being  in  thefe  cafes  different, 
it  mufl  require  a  different  centre  or  plane  of 
partition ;  but  the  objed:  at  the  concurrence 
of  the  axes  muil  be  in  the  centre  in  either 
cafcj  and  therefore  the  mind  refers  it  to  a 
different  place,  to  the  right  or  to  the  left, 
according  to  the  eye  which  is  ufed  ;  and 
for  the  fame  reafon  it  is  referred  to  a  mid- 
dle fituation  when  both  eyes  are  ufed  con- 
jointly. 

I  AM  fearful  that  a  wifh  to  be  clear  may 
render  me  tedious.  It  is,  however,  better 
to  be  a  little  prolix  than  obfcure ;  I  Ihall, 
therefore,  farther  illuftrate  this  matter  by 
another  y^'^r^. 

Let  A  and  B,  Jig.  6,  again  reprefent 
the  eyes,  and  AP  and  BP  the  optic  axes 
crolfmg  each  other  in  P  as  before.  Let  C  and 
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D  be  tvVo  objedls  in  the  left  axis  at  equal  dif- 
tances  on  each  fide  the  point  P,  and  E  and  F 
two  other  objefts  in  the  right  axis  at  the 
fame  diftances  from  the  point  P. 

Now,  if  the  left  eye  fliould  be  ufed,  the 
objefts  E  and  F  would  appear  as  lying  one 
to  the  right  and  one  to  the  left  of  the  plane  of 
partition ;  but  the  two  objedls  C  and  D 
would  appear  to  coincide  with  this  plane. 
On  the  other  hand,  ill ould  the  right  eye  be 
lifed,  the  objedls  C  and  D  would  now  ap- 
pear to  lie  one  to  the  right  and  one  to  the  left 
of  the  dividing  plane,  and  E  and  F  would  be 
the  coinciding  objeds.  Should  both  eyes  be 
ufed  together,  D  and  F  would  be  two  right- 
hand  objedis  ;  namely,  D  a  right-hand  ob- 
jed  to  the  right  eye,  and  F  one  to  the  left 
eye ;  and  E  and  C  would  be  the  two  left-hand 
.  ebjecrs,  E  being  one  to  the  left  eye  and  C 
one  to  the  right  eye  ;  and  the  dividing  plane 
would  now  feem  to  lie  in  the  diredion  PM. 

With 
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With  the  apparatus  already  defcribed,  all 
this  may  be  actually  put  to  the  proof  of  ex- 
periment with  much  eafe*  In  this  cafe,  the 
point  P  fituated  at  the  concurrence  of  the  axes 
will  be  refpedively  referred  to  three  different 
places.  When  the  left  eye  is  ufed,  it  will 
be  referred  to  the  fame  place  as  the  objed;  D, 
with  which  it  will  appear  to  coincide.  When 
the  right  eye  is  ufed,  it  will  be  referred  to 
the  fame  place  as  E  for  a  iimilar  reafon :  and 
when  both  eyes  are  ufed,  it  will  be  referred 
by  the  mind  to  a  place  lying  midway  between 
the  former  two.*     -- 

Upon  the  principles  now  ftated,  we  may 
be  able  fatisfadlorily  to  explain  various  phe- 
nomena of  feeming  diredlion  from  vifible  cir- 
cumflances,  without  having  recourfe  to  the 

*  Befides  the  four  obje6ts  which  are  in  this  cafe  feen,  of 
which  two  appear  on  the  right  and  two  on  the  left  fide  of  the 
plane  of  partition,  all  the  four,  C,  D,  E,  and  F,  will  alfo  be 
feen  united  in  the  line  P  M,  or  as  lying  in  the  plane  of  parti- 
tion ;  the  firft  are  feen  two  by  one  eye  and  two  by  the  other ; 
the  laft  are  feen  each  by  both  eyes  together. 
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ftate  of  adion  in  the  mufcles  which  move  tht 
eyes.  For  inftance,  that  while  an  optic  axis 
retains  the  fame  real  polition,  an  objeft  fitii- 
ated  in  it  may  feem  to  have  a  variety  of  dif- 
ferent direftions.  If  the  right  axis  fhould  re- 
main fixed,  and  the  eyes  be  fuccellTvely  di- 
red:edto  difierent  points  in  it,  the  field  of  vi- 
fion,  both  eyes  being  iifed,  muft  change  with 
every  fucceffive  point  to  which  the  eyes  are 
direfted  ;  if  from  a  remote  point  to  one  that 
is  nearer,  io  as  to  increafe  the  inclination  of 
the  axes,  the  field  of  vifion,  and  confequently 
its  plane  of  partition^  will  tend  tow^ards  the 
right,  and  the  point  where  the  axes  crofs. 
each  other  will  be  referred  to  a  fituation  more 
towards  the  right,  as  being  the  apparent  cen- 
tre of  the  field  of  vifion.  This  may  be  ren- 
dered very  plain  by  attending  to  the  apparent 
circumftances  of  a  ciibe,  as  before  mentioned, 
one  fide  of  which  is  fiippofed  to  be  fituated  in 
the  right  optic  plane  :  when  feen  with  the 
right  eye  only,  this  fide  of  the  cube  will  lie  in 
the  plane  which  appears  to  divide  the  field  of 
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vifion  j  but  when  fecn  by  both  tjt^  the  fide 
before  invifible  comes    into  view  j  and  the 
effed:  in  refped  to  the  mind  is  precifely  the 
fame  as  if  the  cube  were  to  be  removed  to 
the  right  as  to  render  the  left  fide   of  it  vifi- 
blej   for,  as  was  before  obferved,  there  be- 
ing no  original   feehng  by  Vv^hich  we    can 
diftinguifh  that  which  is  an  objed  of  fight 
iQ  one  ej^e  from  what  is  an.objed  of  fight 
to  the  other  eye,  the  judgment  and  concep- 
tion ^re  influenced  by  the  apparent  circurn- 
fiances.    The  nearer  the  optic  axes  approach 
taparallehfm,  or  the  more  remote  the  cube 
is  from  the  eye,  the  lefs  the  field  of  vifion 
fends  to  the  right ;  and  in  an  increafe  of  the 
inclination  of  the  axis,   the  left  fide  of  the 
cube,  having  a  more  dired;  appearance  in  re* 
fped:  to  the  left  eye,  muft  appear  more  to  the 

right. 

And  that  the  judgment  refped:ing  direc- 
tion  is,  in   this  cafe,  influenced  by  the  vi- 
file  circumJlanceSj    and  not  by   the  ftate  of 
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adtion  exifting    in   the   mufcles,  is   evident 
from  the  Second  and   Third  Experiments; 
for,  when  the  objects  were  {ctn  by  the  right 
eye  only,  the  fight  of  the  other  eye  being  in- 
tercepted by  the  interpofition  of  the  black  card 
(a  circumftance  which  could  not  prevent  its 
motions  from  correfponding  with  thofe  of  the 
other  eye)  the  diredion  of  the  points  O  and 
P*  remained  unchanged ,  whether  the  eyes  were 
direcSled  to  one  or  to  the  other.  Here  then  we 
have  aninftance  of  apparent  direction  remain- 
ing the  fame,  while  the  ftate  of  adion  in  the 
mufcles  changes ;  on  the  other  hand,  while  the 
eyes  continued  to  be  direcSed  to  one  of  the 
objefts,  as  O,  it  appeared  to  have  a  different 
di red; ion  as   f(^cn  by  one  eye  fingly,  or  by 
both  at  the  fame  time;   which  is  an  inftance 
of  change  of  apparent  direction   while  the 
ilate  of  adion  in  the  mufcles  remained  the 
fame.     The  real  circumftance  which  influ- 
enced the  mind  in  the  feeming  direction  being 

this, 
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this,  that  when  the  left  eye  was  uncovered, 
the  fpace  O  P  of  the  right  axis,  which 
was  before  invifible  to  the  right  eye,  now 
became  an  objed:  of  fight  interpofed  be^ 
tween  O  and  P,  fimilar  to  the  fide  of  the 
cube. 

And  upon  the  fame  principles  is  to  be  ex- 
plained the  reafon  why,  in  different  real  pofi- 
tions  of  the  optic  axes  an  objed:  fituated  in 
them  may  appear  to  have  but  one  and  the 
fame  direction.    For,  when  the  eyes  are  fuc- 
cefiively  directed  to  different  points,  all  lying- 
in  a  line  perpendicular  to,   and  bifefting,  the 
vifual  bafe,  it  is  evident,  that  while  both  eyes 
are  ufed,    the  field  of  vifion  will  in  each  cafe 
be  divided  by  the  fame  plane;  for,  notwith- 
ftanding  the  extent  of  the  field,  or  the  range 
of  fight,  is  contrad:ed  as  the  eyes  arc  directed 
to  the  more  remote  points,  and  the  axes  ap- 
proach  to  parallelifm,   yet    the  contraftion 
being  equal  on  the  right  and  on  the  left  fide, 
the  plane  of  divifion  muft,  throughout^    re- 
L  4  main 
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main  fixed ;  and  the  optie  axes  appearing 
to  be  united  in  this  plane,  it  follows,  that 
their  apparent  direction,  or  that  of  an  objedt 
lituated  in  them,  would  remain  the  fame  in 
various  changes  of  their  real  poiition.  But  if 
one  eye  only  fliould  be  ufed,  and  fucceffively 
direfted  to  the  feveral  points,  there  would  in 
each  cafe  be  a  different  field  of  vifion,  each 
lying  to  the  right  of  the  other,  and  con- 
fequently  requiring  a  different  plane  of  di- 
yifion,  and  different  centre,  and  the  axis  of 
the  eye  w^ould  then  have  an  apparent  motion 
to  the  right  correfponding  with  its  real  mo- 
tion:  all  which  appears  clearly  from  the 
Fourth  Experiment. 

And  here  again,  we  have  an  inftance  of 
a  feeming  change  of  direftion,  while  the  flate 
of  ad:ion  remains  unaltered ;  for,  while  the 
two  eyes  are  held  dired:ed  to  any  one  of  the 
points,  its  apparent  fituation  varies  as  one  or 
both  eyes  are  ufed. 

SUCH 
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SUCH  are  the  obfervations  which  have  oc- 
curred to  me  in  examining  the  theory  of  Vi- 
fible  diredion  laid  down  by  Dr.  Wells.     In 
the  preceding  fedion   my  intention  was  to 
point  out  that,  even  admitting  the  fadts  ftated 
in  this  theory,   it  would  not  neceflarily  fol- 
low%  that  fingle  vilion  was  the  confequence  of 
fuch  a  law  of  direftion;   for,  direcflion  in  a 
line  from  the  eye  being  an  acquired  notion 
or  conception,  and  the  fingle  appearance  aii 
adual  matter  of  fight,   it  would  feem  more 
reafonable  to  confider  the  apparent  union  of 
the  points  where  the  optic  axes  terminate  on 
the  retina  as  the  original  law,  and  from  thence 
to  derive  the  law  of  direction ;  for,  if  the  two 
points  are  united  into  one  by  feme  original 
fenfation  or  impreflion,  the  re-projecftion  or 
throwing  out  of  this  united  point  into  dif- 
tance  can  only  conftitute  one  line.  However, 
in  the  prefent  fecSlion,  the  experiments  which 
are  brought  forward  prove,   that  the  point  of 
interfed:ion  of  the  optic  axes  has  a  different 
feeming  dirediion  as  feen  by  one  or  by  the 
I  other 
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other  eye,  or  by  both  at  a  time;  which  re- 
duces the  matter  to  a  certainty  ;  lince,  in  or- 
der that  the  fingle  appearance  lliould  be  caufed 
by  a  law  of  vifible  diredion,  it  is  necellary 
that  this  law  ihould  affedt  each  eye  when 
ufed  fingly,  in  the  fame  manner  as  when 
ufed  in conjundlion with  the  other;  and  fuch 
Dr.  Wells  maintains  to  be  the  cafe;  but  all 
the  experiments  here  mentioned,  and  I  have 
tried  them  over  and  over  again,  are  incon- 
fiftent  with  this  opinion.  But,  fince  an  objed:, 
if  it  appear  fingle  to  the  two  eyes,  muft,  at 
the  time  it  is  fo  feen,  appear  to  each  eye  to  be 
in  the  fame  place ;  that  is,  finqe  one  vifible 
objed:  can  only  have  one  vifible  place  at  one 
time,  and  fince  this  place  is  not  that  which  it 
has  when  feen  by  either  eye  fingly,  we  may 
fafely  conclude,  that  the  apparent  place  of 
the  objed  when  feen  by  both  eyes  is  depen- 
dent on  the  circumftance  of  its  being  feen 
fingle. 

Jn 
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In  canvaffing  the  opinion  of  Dr.  Welk; 
I  have  only  made  ufe  of  that  Hberty  to  which 
all  have  a  claim  in  treating  philofophical 
fubjedls ;  and  I  truft,  that  while  producing 
a  dirert  oppofite  opinion,  I  haVe  not,  any 
where,  exprelTed  myfelf  in  terms  which  can 
with  reafon  give  the  flighteft  degree  of  of- 
fence to  that  Writer. 

It  remains  to  ftate  the  evidence  we  have 
for  confidering  the  united  appearance  of  ob- 
jedls  feen  by  both  eyes  to  be  the  confe- 
quence  of  an  united  impreffion  or  fenfation ; 
this  will  be  the  fubjed:  of  the  following 
Seftion*. 


*  Before  I  proceed  to  the  ntfxt  Section  I  wifh  to  make 
a  few  remarks  on  a  certain  phenomenon  of  vifion  which  is 
mentioned  by  Dr.  Wells  in  a  note  in  the  105th  page  of  his 
Eflay,  for  which  I  have  not  been  able  to  find  a  place  before, 
as  the  principles  concerned  here  are  very  different  from  thofe 
we  have  been  confidering. 

The  experiment  is  this :  If  a  fmall  hole  be  made  in  a  card 
and  held  near  to  the  eye  and  fome  opaque  body,  as  a  needle, 
be  pafled  between  the  eye  and  the  hole,  there  will  be  feen 
two  objeds,  one  the  needle  itfelf  paffing  in  one  direftion 
over  the  hole,  the  other  a  Ikadow  of  the  needle  paifmg  in 
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a  contrary  dircftion,  and  feeming  to  be  on  the  other  fide  of 
the  card. 

I  DO  not  enter  on  the  explanation  of  this  phenomenon 
with  a  view  to  controvert  the  principles  on  which  Dr.  Wells 
has  accounted  for  tliis  appearance,  which,  as  he  juftly  fays, 
lie  on  the  very  furface  of  optical  knowledge ;  but  the  account 
he  has  given  of  this  experiment,  and  of  that  of  Mr.  le  Cat, 
which  gave  rife  to  the  note,  appears  to  Tie  to  be  imperfect, 
as  it  kept  me  in  doubt,  while  reading  it,  whether  the  ihadow 
^s  it  is  called,  was  the  only  objed  which  was  feen  in  the  ex- 
periment. The  folution  of  Mr.  Harris  hinted  at  in  the  note, 
which  is  all  I  know  of  it,  is  certainly  juft,  "  that  it  is  not 
**  the  needle  but  its  ihadow  on  the  other  fide  which  is  feen." 
As  the  experiment  may  be  new  to  fome  who  have  not  been 
in  the  habit  of  flu  dying  this  fubjeft,  I  have  introduced  this 
account  in  order  to  ihew  how  readily  we  may  fall  on  the  true 
explanation  of  fuch  phenomena  by  having  immediate  recourfe 
to  the  projedions  on  ti^e  retinae. 

Let  AB,  /ig,  7,  reprefent  an  eye,  and  the  point  P  the 
hole  in  the  card,  which,  if  held  up  againft  a  ftrong  light, 
may  be  confidered  as  a  luminous  point.  Let  R  and  L  be 
any  two  dillin6t,  external,  or  tangible  objet^s,  namely,  R 
one  on  the  right  hand,  and  L  one  on  the  left,  whofe  pro- 
jeftions  on  the  retina  will  be  at  r  and  /  refpeftively,  then 
we  mufl  coniider  r  as  the  right  fide  on  the  retina,  and  I 
as  the  left,  and  a  figure  or  body  pailing  over  the  retina  m 
the  direilion  from  r  to  /,  will  appear  to  move  in  that  di- 
reftion  v/hich  we  call  from  right  to  left.  Kow,  fappofe  the 
card  with  the  hole  in  it  -to  be  held  fo  near  the  eye  that  the 
accurate  projection  of  the  hole  or  point  P  fliaii  fall  beyond 
the  retina  at  /;  the  pencil  of  rays  FAB,  which  iflue  from 
the  hole  and  cover  the  pupil,  will  be  difFufed  over  a  pait  of 
the  retina  in  a  fmall  circle  reprefenred  by  fg ;  nov/  that  half 
of  this  fmall  luminous  circle  which  lies  on  the  retina  towards 
/  will  appear  as  being  the  left  half,  and  is  formed  by  rays 
which  enter  the  pupil  on  the  fide  B,  or  on  the  right  fide  ii> 

refpeCt 


i  157  1 

refpe^l  to  the  external  objed  R,  and  that  half  which  lies  on 
the  fide  towards  r  will  appear  as  the  right  half,  and  is  formed 
by  rays  entering  the  pupil  on  the  fide  A,  or  the  left  in  refpeil 
to  the  objed  L.  Suppofe  the  needle  to  move  along  the  line 
C  D  in  the  dircdion  from  C  to  D,  or  from  right  to  left,  re- 
fpe6iing  the  external  obje6l,  then  will  the  projeclion  pafs 
over  the  retina  in  the  direftlon  from  r  to  /,  which  is  from 
right  to  left  on  the  retina ;  but  when  it  comes  to  F  it  will  be- 
gin to  intercept  the  rays  which  form  the  fide  of  the  luminous 
circle  on  the  retina  towards  /,  that  is  the  left  fide,  and  muft 
therefore  efface  part  of  the  left  fide  of  the  circle,  appearing  as 
a  ftiadow,  while  the  needle  itfelf  will  appear  on  the  right  fide : 
and  fo  as  the  needle  proceeds  from  right  to  left  it  will  fuc- 
cellively  intercept  the  rays  which  form  the  circle,  in  the  di- 
reftion  of  /  to  r  or  left  to  right,  contrary  to  the  motion 
of  the  needle,  and  appearing  as  a  fliadow.  When  the  nee- 
dle arrives  at  the  central  ray,  the  proje6lion  of  the  needle 
and  the  fhadow  become  one  objeft,  the  projection  of  the 
needle  itfelf  in  that  fituation  effacing  the  central  part  of  the 
luminous  circle ;  as  the  needle  proceeds  to  the  left,  the  right 
fide  of  the  circle  becomes  obicured  by  the  interception  of 
the  rays  which  enter  on  the  left  fide  of  the  pupil,  and  which 
form  the  right  half  of  the  circle. 

And  the  ftiadow  has  the  appearance  of  an  obje(5l  pafiing 
beyond  the  card,  which  I  fiippofe  is  owing  to  the  circum- 
ilance  of  its  being  vifible  only  while  pafiing  over  the  dia- 
meter of  the  circle  or  of  the  hole  in  the  card. 

The  fame  principles  would  apply  to  a  motion  in  a  ver- 
tical direvftion,  and  caufe  the  inverted  appearance  of  the  ftia- 
do'v. 


SECTION 
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SECTION    VI. 

Arguments  and  'Experiments  tending  to  prove 
that  Single  Vlfion  Is  the  Confequence  of  an 
united  Senjatlon  *, 


A  AM  now  to  ftate  the  evidence  which 
tends  to  prove  that  the  eyes  are  endowed 
with  fome  original  property,  in  confequence 
of  which  the  impreffion  made  on  a  certain 
point  of  one  retina  is  united  with  the  im- 
preffion made  on  a  certain  point  of  the  other 
retina  j  and  that  the  united  appearance  of  the 


*  The  Author  knows  little  of  what  raay  have  beea  al- 
ready written  on  this  part  of  his  fubje£t.  M.  du  Tour  made 
fome  experiments  fimilar  to  what  are  here  mentioned,  but  the 
confequence  he  drew  from  them  was  very,  'different  from  what 
is  here  advanced. 

pro- 
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projeftions  in  a  certain  fituation  of  the  eye 
arifes  from  this  united  fenfation. 

However  deciiive  this  evidence  may  be 
to  my  own  mind,  I  do  not  pretend  that  it 
amounts  to  abfolute  demonftration ;  but  it 
appears  to  me  fully  fufficient  to  render  the 
propofition  highly  probable,  where  the  mind 
is  not  under  the  influence  of  a  previous  at- 
tachment to  fome  different  theory. 

The  firft  argument  to  be  produced  is 
founded  on  the  analogy  of  nature.  It  is  ^ 
fad:  well-known  to  anatomifts,  that  in  the 
human  fpecies  the  optic  nerves  unite  in  the 
fella  turcica  before  they  enter  the  brain  :  and 
a  fimilar  union  takes  place  in  various  other 
fpecies  of  animals.  But,  if  I  am  rightly 
informed,  there  are  fome  fpecies  of  animals 
whofe  eyes  are  fo  fituated  as  to  look  to  op- 
pofite  fides,  and  confequently  not  to  fee  the 
fame   objed   at   the   fame   time  with   both 

eyes, 


[    i6o    ] 

eyes,  in  which  fuch  a  jundtion  does  not  take 
place.  Without  inquiring  into  the  manner 
in  which  this  union  is  formed,  we  may 
fuppofe.  that  nature  had  fome  purpofe  to 
anfwer  by  it ;  and  it  feems  probable  that  it 
may  have  fome  relation  to  fingle  vifion,  and 
may  caufe  this  by  uniting  the  fenfations. 
The  circumflance,  taken  fingly,  may  not 
be  thought  of  much  confequence,  nor  do  I 
lay  much  ftrefs  on  it ;  hut  it  ferves  to  cor- 
roborate when  united  with  other  fad:s*» 

Another  circumflance  I  have  to  men- 
tion, which  makes  in  favour  of  the  pofition, 
is  what  happened  to  the  young  gentleman 


*  A^'-  ample  field  of  refearch  feems  to  lie  open  to  the  ana- 
tomift  refpefting  the  brain,  of  which,  from  the  peculiar  na- 
ture of  its  fubftance,  our  knowledge  is  extremely  limited. 
But  I  ihcuid  hope,  that  in  the  prefent  highly-improved  flate 
of  every  art,  means  might  be  devifed  for  developing  the  hi- 
therto inexplicable  folds  of  this  m.ofi:  curious  fubftance,  and 
for  explaining  the  nature  and  the  mode  of  its  very  important 
fuii6tions. 

couched 
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couched  by  Mr.  Chefelden*  It  appears 5 
that  on  firft  receiving  his  fight  he  thought 
that  all  objeds  touched  his  eyes  -,  that  is,  he 
favv  the  projedions  on  his  retinse,  without 
afTociating  with  his  vifible  perceptions  the 
conception  of  diflance  or  of  dirediion  in  a 
line  from  the  eye ;  but  it  does  not  appear 
that  he  ever  faw  the  objects  he  looked  at 
double.  This  proves,  as  far  as  one  inftance 
can  go,  that  fingle  vifion  is  original,  and 
that  it  does  not  depend  upon  any  law  of  vi- 
fible dired:ion. 

I  PROCEED  now  to  produce  fome  fimple 
experiments,  which  favour  the  notion  of  an 
united  fenfation. 


EXPERIMENT    I. 

They  who  are  accuftomed  to  ufe  fpedia- 
cles  know,  that  the  two  rings  appear  to  unite 
and  to  form  one  circle.  Into  the  rings  of 
a  pair  of  common  fpedlacles  let  two  pieces 

M  ®f 
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of  llaincd  glafs  of  different  colours  be  fixed; 
and  if  thefe  fpeftacles  fliould  be  worn  in 
the  common  manner,  it  is  evident,  that 
over  one  of  the  retinae  will  be  diffufed  rays 
which  excite  one  colour,  and  over  the 
other  retina  will  be  diffufed  rays  which 
excite  fome  other  colour ;  and  the  confe- 
quence  will  be,  that  neither  colour  will  be 
iingly  perceptible,  but  that  fome  interme- 
diate colour  will  be  feen.  If  the  eyes  fliould 
be  alternately  clofed,  fo  as  to  exhibit  the 
two  colours  lingly,  one  fucceeding  the  other, 
and  immediately  after  both  eyes  fliould  be 
kept  open,  the  intermediate  colour  will  be 
made  very  perceptible.  This  experiment 
alone^  would  be  perfedly  decifive  to  my 
.m'.nd  j  but  it  will  not,  perhaps,  produce 
the  fame  degree  of  convidiion  in  others,  par- 
ticularly in  fuch  as  m.ay  have  admitted  fome 
theory  different  from  that  now  propofed* 

But   let  us  refled:  on  the  true  nature  of 
colour,    and  on   the   true  nature  of  vifion. 

Colour 
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Colour  we  know  to  be  a  fenfation  excited 
by  the  ad:ion  of  light ;  but  here  we  have 
rays  afting  on  either  retina,  whofe  fingle  ef- 
fed;  would  be  to  produce  fome  colour  which 
in  this  cafe  is  not  perceptible.  What  thea 
is  that  intermediate  colour  which  we  fee, 
and  how  does  it  arife  ?  It  is  an  effect,  and 
requires  fome  caufe ;  and  it  is  an  eiFed: 
which  can  only  be  produced  by  the  adlion  of 
rays  of  light  on  the  optic  nerves  ;  it  there- 
fore muft  be  the  joint  effed:  of  the  rays  adl- 
ing  on  the  two  retinae,  or  an  united  fenfa- 
tion. 

This  experiment  may  be  varied  by  ufing, 
inftead  of  fpedacles,  two  tubes  with  the  in- 
fides  blacked,  and  differently-coloured  glafles 
fixed  at  the  extremities  farthefl:  from  the  eye. 
When  fuch  tubes  are  applied  to  the  eyes, 
it  is  evident  that  if  the  axis  of  each  tube  co- 
incides with  the  axis  of  each  eye  refpec- 
tively,  the  apertures  at  the  ends  will  be  pro- 
jeded  on  the  terminations  of  the  optic  axes, 
M  2  or 
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of  on  fimilar  points  of  the  retinse;  but  if 
one  of  the  tubes  (liould  be  fo  moved,  that 
its  axis  fhould  no  longer  coincide  with  the 
optic  axis,  the  aperture  at  the  end  would  be 
projedted  on  fome  part  of  the  retina  diffimi- 
lar  from  that  of  the  other.  In  the  firft  cafe 
the  two  tubes,  as  with  a  binocular  telefcope, 
appear  to  coincide  and  to  form  one,  and  the 
aperture  will  appear  to  be  of  fome  interm.e-. 
diate  colour,  as  in  the  inflance  of  fpeftacles ; 
in  the  latter  cafe,  the  two  tubes  will  appear 
feparate  and  diftincfl,  as  will  alfo  the  colours 
of  the  apertures.  But  tlie  tubes  may  be  heid 
jn  fuch  an  int-e^-mediate  fituation,  as  that 
part  of  the  apertures  fliall  fall  on  corre- 
sponding points,  and  part  on  points  which 
do  not  correfpond ;  in  which  cafe  the  two 
colours  w^ill  appear  diftind:  on  the  feparate 
parts  of  the  apertures,  and  tlie  third  or  in- 
termediate colour  will  appear  on  that  part 
of  the  aperture  which  is  united,  or  which 
falls  on  the  correfponding  points  of  the  re- 
tinae. 

In 
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In  making  thefe  experiments  fome  cir- 
cumftances  are  to  be  noticed,  a  want  of  at- 
tention  to  which,  might  lead  fome  to  fup- 
pofe  that  the  experiments  did  not  anfwxr. 

What  is  generally  underftood  by  deep- 
nefs  of  colour,  is  not  occaiioned  by  the  den- 
fity  of  the  rays,  nor  by  the  intenlity  of  their 
ad:ion,  but  proceeds  from  their  rarity.  A 
few  rays  of  any  colour  diffufed  over  a  part 
of  the  retina  would  excite  the  notion  of  a 
dark  colour;  for  deepnefs  of  colour  ap- 
proaches to  blacknefs,  which  is  the  priva- 
tion of  colour  or  fenfation.  If,  therefore, 
we  look  through  a  glafs  deeply  ftained  with 
any  colour  with  one  eye,  and  iliould  either 
not  apply  any,  or  only  fome  light-coloured 
glafs  to  the  other  eye,  it  is  not  to  be  fup- 
pofed,  that  the  general  appearance  wall  be 
that  which  might  be  compounded  of  a  deep 
colour  mixed  with  white  or  with  fome  light 
colour;  for  the  eye  which  fees  through  a 
dark  glafs  w^ill  be  affedled  only  with  a  weak 
M  3  fenv 
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fenfation,  which  confequcntly  can  produce 
but  little  effed;  on  the  fenfation  of  the  other 
eye  ;  and  if  the  ftained  glafs  fhould  be  ftill 
deeper,  we  might  not  be  able  to  fee  through 
it  at  all ;  while  the  fenfation  of  the  other  eye 
would  remain  perfed:  in  the  fame  manner  as 
if  one  eye  was  clofed. 

Hence,  when  we  apply  to  the  eyes 
glaffes  ftained  with  different  colours,  we  are 
npt  to  expecft  that  the  colour  compounded 
of  the  two  will  have  the  fame  appearance  as 
if  we  looked  through  both  glaffes  with  one 
eye.  If  a  blue  and  a  yellov/  glafs  are  placed 
one  before  the  other,  and  applied  to  one  eye, 
the  appearance  Vv^ill  be  that  of  a  full  green  ; 
but  if  the  fame  glaiTes  fhould  be  applied,  one 
before  each  eye,  as  in  the  experiment  of  the 
fpedacles  or  tubes,  the  colour  will  be  a 
green  diluted  with  much  white  light,  or  a 
pale  green ;  for  when  the  glaffes  are  placed 
one  before  the  other,  the  two  in  this  pofi- 
tion  intercept  much  more  light  thap  when 

they 
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they  are  feparate ;  and  this  for  a  reafon 
which  mufl:  be  obvious  to  all  who  are  ac- 
quainted with  optics. 


And  therefore  in  the  above  experiments 
it  is  not  neceffary  that  the  intermediate  co- 
lour be  fuch  as  might  previoufly  be  expected 
from  a  mixture  of  the  two  colours  of  the 
glaffes  ;  it  is  fufficient  for  the  conclulion  we 
draw,  that  any  colour  fliould  be  feen  diffe- 
rent from  that  of  either  of  the  glaffes  fin- 
gly*. 

M    4  EXPERI- 


.  *  In  a  note  to  the  "  EfTay  on  Single  Vifion  with  Two 
*'  Eyes,"  page  45,  Dr.  Wells  obferves,  "  that  in  ail  his  ex- 
*'  periments  of  feeing  two  difFerently-coloured  objects,  one 
"  with  each  eye,  with  the  eyes  fo  fituated  as  to  caufe  the  ob- 
*'  jefls  to  appear  united,  the  two  objects,  notwithftanding 
**  their  apparent  union,  appeared  each  in  its  proper  colour ; 
*'  as  a  red  appearing  as  it  w^ere  through  a  tranfparent  green, 
"  and  a  green  through  a  tranfparent  red,  &c." 

When  I  have  attempted  to  fee  two  objects  of  different  co- 
lours, one  in  the  axis  of  each  eye,  I  acknowledge  that  the 
refult  has  not  been  agreeable  to  my  expe(?cation  ;  for  at  times 
I  faw  only  one  of  the  objects,  at  times  only  the  other; 
but  when  I  caught  the  two  objects  united,  there  certainly 
was  a  colour  feen  diftin6t  from  that  of  either  fingly,  though 

not 
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E^XPEKIMENT    II. 

I  PROVIDED  a  piece  of  pafteboard  of 
about  one  foot  in  breadth  and  two  in  length ; 
one  end  I  cut  fo  as  to  adapt  it  to  the  profile 
of  my  face,  in  fuch  mannev,  that  when  ap- 
phed  to  it  in  a  vertical  poiition  perpendicu- 
lar to  the  plane  of  the  face,  the  rays  which 
came  to  one  eye  w^ere  intercepted  from  the 
other.  I  then  placed  a  fhcet  of  white  paper 
perpendicularly  againft  a  wall  to  which  a 


not  that  which  mig^it  have  been  previoufly  expe6]:ed  from  the 
compoiition  of  the  two.  And  1  apprehend  that  Dr.  Wells, 
in  the  experiment  he  mentions,  has  been  apt  to  confound 
imagination  with  fenfe ;  for  I  conceive  it  to  be  impofiible  to 
fee  one  colour  through  another. 

Wken  we  lock  at  an  objecl:  of  known  colour  through  a 
flaincd  glafs  of  any  other  colour,  we  are  apt  to  think  we 
perceive  two  colours  at  ^he  fame  tim.e ;  but  it  is  probsbl© 
that  in  this  cafe  the  im^agi nation  is  em.ployed  at  the  fame  time 
with  fenfation ;  that  is,  from  knowing  the  colour  of  the  ob- 
ject we  conceive  it  to  be  of  one  colour,  while  Ave  fee  it  of 
another ;  and  I  apprehend  it  m.ay  be  laid  down  as  a  maxim  in 
vifion  that  the  fEjne  individual  point  cannot  appear  at  the 
fame  time  to  have  two  different  colours.  This  is  not  a  pro- 
pofition  to  be  proved  by  argument;  it  is  a  firll  principle;  if 
we  attempt  to  conceive  the  contrary,  we  find  it  impoflible. 

ftrong 
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ftrong  light  was  admitted,  and  drew  a  line 
on  the  paper  dividing  it  into  two  parts,  on 
of  which  was  feen  by  the  right  eye,  and  the 
other  bv  the  left ;  but  neither  of  them  could 
be  feen  by  both  eyes  together,  tlie  diftance 
being  about  three  feet.  While  looking  ftca- 
dily  at  the  paper  with  my  right  eye,  I  ap- 
plied a  piece  of  ftained  glafs  to  the  left  eye, 
when  immediately  a  light  tint  of  the  colour, 
became  fenfibly  fpread  over  that  fide  of  the 
white  paper  which  was  feen  by  the  right 
.eye  only.  In  making  this  experiment  I 
found,  that  if  dark  ftained  glaffes  were  ufed, 
the  fenfation  of  the  eye  to  which  they  were 
applied  was  too  weak  to  afFedt  the  ftrong 
fenfation  of  white  light  on  the  other  eye; 
but  when  I  ufed  a  glafs  m.oderately  ftained, 
the  difFufion  of  the  light  tint  was  very  ob- 
vious. 

This  experiment  appears  to  me  equally 
with  the  former  to  afford  a  decifive  proof 
that  the  fenfation  of  one  eye  is  affeded  by 

or 
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or  blended  with  that  of  the  other  eye ;  for 
how  otherwife  can  we  account  for  an  obje(5t 
appearing  coloured  by  the  application  of  a 
ftained  glafs  to  the  eye  by  which  that  object 
cannot  be  feen. 


EXPERIMENT    III. 

Take  one  of  the  tubes  above-mentioned, 
and  clofing  one  eye  apply  it  to  the  other, 
not  clofe,  but  at  the  diftance  of  three  or  four 
inches,  and  look  at  the  w^all  or  wainfcoat, 
or  at  any  plane  furface  of  a  light  colour; 
and  the  objed:  or  furface,  as  feen  through 
the  tube,  will  appear  of  the  fame  colour  and 
brightnefs  as  that  part  feen  on  the  outfide  of 
the  tube.  Next,  bring  the  tube  clofe  to  the 
eye,  the  other  remaining  clofed,  and  the  ob- 
jed:  feen  through  the  tube  will  appear  fome- 
what  brighter  than  before ;  and  this  I  con- 
ceive to  be  owing  to  the  contraft  with  the 
blacked  infide  of  the  tube.     Now,  open  the 

other 
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other  eye, -and,  looking  at  the  furface  or 
objed:  with  both  eyes  at  the  fame  time,  the 
fuperior  brightnefs  of  the  part  feen  through 
the  tube  will  become  much  more  fenfible. 
In  this  fituation,  the  part  of  the  furface  ic^n, 
through  the  tube  is  iccn  by  both  eyes, 
whereas  the  other  part  of  it  fcen  without  the 
lube  is  feen  only  by  one  eye  j  and  the  re- 
markable fuperior  brightnefs  of  this  part 
feen  through  the  tube  muft,  as  I  conceive, 
be  owing  to  the  circumftance  of  its  being 
feen  by  both  eyes  ;  that  is,  there  is  a  doubk 
fenfation  of  this  part,  and  only  a  fingle  fen- 
fation  of  the  other  part. 


EXPERIMENT    IV. 

The  experiment  I  am  now  about  to 
mention  is  beft  made  by  candle-light;  and  I 
have  made  ufe  of  one  of  the  patent  lamps 
as  yielding  a  very  ftrong  light.  It  is  a  well- 
jknown  fad,  that  if  the  eyes  are  fuddenly 

clofed, 
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clofed,  after  having  been  for  fome  time  Ilea- 
di]y  dired:ed  to  fome  bright  objed:,  a  co- 
loured fpedtrum  will  become  perceptible. 
The  nature  of  thefe  fpedra  and  the  variations 
in  colour  to  which  they  are  fubjedl,  were, 
fome  time  fince,  made  the  fubjed:  of  a  very 
ingenious  inveftigation  by  Dr.  Darwin.  At 
prefent  we  have  only  to  confider  the  general 
appearance  independent  of  any  particular  co- 
lour. 

Let  the  eyes  be  held  fteadily  fixed  oa 
one  of  the  above-mentioned  lamps  for  a  mi- 
nute or  two,  after  which,  on  fuddenly  do- 
ling them,  a  coloured  fpedrum  will  be  feen. 
If  any  doubt  ihould  be  entertained  whether 
or  not  the  two  eyes  are  equally  afFeded,  in 
this  cafe  it  may  be  clearly  afcertained  by 
looking  with  one  alternately,  the  other  being 
clofed,  at  a  flieet  of  white  paper,  when  in 
either  cafe  a  dark  fpot  or  fpedrum  will  ap- 
pear on  the  face  of  it, 

I  M^N- 
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I  MENTION  this  circumftance  merely  to 
remove  any  doubt  of  each  eye  being  equally 
afFedled  ;  but  our  experiment  requires  the 
eyes  to  be  clofed,  when  a  fingie  coloured  fpot 
or  fpedrum  will  become  plainly  perceptible. 
I  requefl:  the  reader's  particular  attention  to 
the  circumftances  of  this  experiment :  the 
fpedlrum  appears  iingle,  and  no  forced  dif- 
tortion  of  either  eye  or  of  both  at  the  fame 
time  can  affed:  the  unity  of  the  appearance. 
But  w^hat  is  this  appearance  ?  it  is  merely  a 
matter  of  fenfation,  the  central  part  of  each 
eye  is  ftrongly  affcdted  by  the  late  impreffion 
of  the  light  on  it.  Here  is  no  external  objed: 
feen  or  imagined,  and  confequently  nothing 
refpeding  dirediion  from  the  eye  or  external 
place  can  be  concerned  in  this  experiment! 
the  whole  relates  to  fenfation ;  but  as  each 
eye  is  equally  afteded,  the  fenfation  mull 
be  united,  otherwife  the  fpectra  would  ap- 
pear diftind:;  we  have  not  even  a  confci- 
oufnefs  of  both  eyes  being  concerned,  and 
tbe  method  above-mentipned   is  neceffary  to 

•  de- 
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determine  whether  one  eye  only,  or  both  arc 
afFeded. 

If  the  eyes  fhould  be  direded  to  fomc 
diftant  objed,  and  the  lamp  fliould  be 
placed  before  them,  at  the  diftance  of  about 
three  feet,  the  projedions  of  the  lamp  will 
be  found  on  diffimilar  points  of  the  retinae, 
and  two  diftind  fpedra  wall  be  perceptible. 


THE  foregoing  experiments,  taken  collec- 
tively, appear  to  me  fully  fufficient  to  efta- 
fali(h  the  fad,  that  an  impreflion  or  fenfa- 
tion  made  on  a  certain  point  of  one  retina 
is  united,  by  fome  original  law  of  the  con- 
ftitution,  with  the  impreflion  or  fenfation 
made  on  a  certain  correfponding  point  of  the 
other  retina. 

The  intermediate  colour  perceived,  when 

jlafles  differently  flained  are  applied  to  the 

«  two 
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two  eyes,  can  only  be  accounted  for,  by 
admitting  fuch  an  union  of  the  fenfation. 
Over  each  eye  are  difFufed  rays,  exciting 
fome  colour,  which,  fo  long  as  both  eyes 
remain  open,  is  not  perceptible;  the  colour 
being  fome  intermediate  tint ;  but  on  doling 
cither  eye,  fome  colour  different  from  this 
immediately  becomes  vifible,  without  any 
alteration  taking  place  in  the  eye  by  w^hich 
fuch  colour  is  feen.  I  can  conceive  nothing 
more  conclufive.  But  from  this  fad:  if  ad- 
mitted, the  fingle  appearance  of  all  objeds 
naturally  refults. 

The  appropriate  fenfation  of  the  optic 
nerve  is  colour.  In  the  laft  experiment  of 
the  fpedtrum,  there  is  no  external  objecfl  vi* 
fible  or  tangible  immediately  concerned,  nor 
any  rays  of  light  in  prefent  adlion  ;  the 
fpedirum  is  a  durable  impreflion  caufed  by 
the  ftrong  light  lately  feen;  but  this  im- 
preffion  is  made  manifeft  by  the  perception 
of  fome  colour,  and  this  being  excited, 
I  the 


the  perception  of  extenlion  follows  as  a  na- 
tural confequence ;  the  fpedrum  itfelf  is  an 
extended  and  figured  objed:. 

When  there  are  two  fimilar  projeftions, 
one  on  each  retina  and  on  that  point  of  the 
retinae  where  the  optic  axes  terminate,  or, 
according  to  the  common  notion,  when  we 
look  at  an  objedr,  the  fenfation  is  united  pre- 
cifely  as  in  the  cafe  of  the  fpedrum  ;  when 
thefe  projections  are  of  diffimilar  objecfis  the 
two  will  appear  mingled  together  in  a  con- 
fufed  manner*.     But  it  is  clear  from   the 

expe- 


*  When  experiments  have  been  made  for  feeing  two  diffe- 
rently-caloured  obje^Vs  united,  by  placing  them  one  in  the  axis 
of  each  eye,  the  refult  has  generally  been,  that  at  one  time 
one  only  was  feen,  at  anotlier  time  the  other,  and  at  inter- 
vals the  two  have  appeared  confufediy  united.  But  we  fhould 
recoile6lj  that  in  this  experiment  it  is  neceifary,  in  order  to 
bring  the  obje-fis  on  thofe  points  of  the  retina  where  the 
optic  axes  terminate,  that  the  flate  of  the  eyes,  or  at  leaft  of 
one  of  them,  fhould  be  adjufted  for  fome  diflance  different 
from  that  of  the  obje6l ;  and  if,  as  has  been  fuppofed,  and  as 
I  believe  is  true,  there  i^  a  change  of  the  refractive  ftate  of 
the  eye  with  every  change  of  diftance  in  the  obje6t,  it  mull 

follow, 
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experiment  of  the  fpecflrum,  that  neither  di-. 
red:ion  from  the  eye,  nor  external  place, 
nor  pofition,  have  any  concern  in  caufing^ 
the  unity  of  the  appearance  ;  thefe  are 
merely  relative  and  fecondary  notions ;  vi- 
fible  e^tenfion  is  a  neceffary  adjund:  or  con- 
cprpitant  of  colour,,  and  the  union  of  the  fen- 
fation  is  in  fadt  the  union  of  the  extenlion, 
with  its  modifications  of  figure,  pofition, 
&c. 

However  convincing  this  folution  of  the 
queftion  concerning  fingle  vifion  may  be  to 
my  own  mind,  I  conceive  it  to  be  very  pro- 
bable that  it  may  not  appear  equally  fo  to 
others.  But  if  it  fhould  not  be  admitted, 
it  muft,  I  think,  be  allowed,  that  we  have 
^o   other  more   fatisfaftory,  and    that    the 


follow,  that  the  fenfation  of  one  or  both  eyes  \n  this  experi- 
ment muil  be  imperfe(a:,  becaufe  the  refra(5live  ft  ate  of  the 
eye  cannot  be  adapted  to  the  dillance  of  the  ob]e6l  feen ;  and 
to  this  caufe  we  are  probably  to  attribute  the  uncertainty  and 
irregularity  of  this  experiment ;  the  fenfation  of  one  eye  pre- 
yailing  at  one  time,  at  another  time  that  of  the  other. 


iq  queftion 
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queftion  ftill  lies  open  to  future  refearch  ; 
and  I  fhould  hope  that  what  has  now  been 
faid,  may  at  leaft  have  the  eiFedt  of  promot- 
ing further  inveitigation,  and  of  fuggefting 
other  experiments  which  may  lead  to  a  mor€ 
perfed:  decifion. 

It  was  at  firil  my  intention  to,  have  con- 
lidered  fom.e  other  circumftances  relating 
to  viiion,  particularly  refped:ing  vifible  pofi- 
tion  as  an  original  fuggeflion;  but  I  fear 
that  the  reader  may  by  this  time  be  tired  of 
the  fubjecft,  and  I  fhall  proceed  no  further  at 
prefent. 


THE    END- 
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